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I.  On  the  Extra  Current  of  the  Induction  Current. 

By  J.  C.  POGGENDORFF*. 

IN  my  latest  investigation  laid  before  the  Royal  Academy  in 
August  last,  on  the  thermal  action  of  electrical  sparks,  in 
order  to  test  the  view  propounded  by  Reitlinger,  that  this  action 
is  proportional  to  the  intensity  of  the  current,  I  had  interposed 
vei'y  long  wires,  in  the  form  of  coils,  in  the  path  of  an  induction 
current.  I  thereby  observed  that  the  sparks,  notwithstanding 
the  considerable  enfeeblement  in  intensity  produced  by  this  in- 
terposition, lost  scarcely  any  of  their  heat,  just  as  they  have  long 
been  known  to  become  thereby  more  fully  luminous,  but  to  lose 
little  or  none  of  their  striking-distance. 

I  observed  on  this  occasion  that  when  the  circuit  of  the  in- 
ductorium  is  completely  metallic  through  such  accessory  coils, 
the  current,  in  spite  of  this  metallic  circuit,  and  in  spite  of  the 
great  enfeeblement  which  it  experiences  through  the  resistance 
of  a  very  long  and  thin  wire,  possesses  such  tension  that  ex- 
tremely piercing  sparks  are  obtained  if  the  wires  are  merely 
touched  in  one  point  with  the  hand. 

I  further  found  that  the  free  electricity  at  the  end  of  the  ac- 
cessory coil  turned  towards  the  positive  pole  of  the  inductorium 
is  positive,  and  negative  at  the  other  end ;  and  that  if  two  such 
accessory  coils  are  placed  end  to  end,  the  wire  joining  them  ex- 
hibits far  less  tension  than  the  two  wires  leading  from  the  coils 
to  the  inductorium,  from  which  I  concluded  that  in  the  long 
metallic  circuit  there  must  be  a  zero  point  of  tension.  Finally, 
I  convinced  myself,  by  individual  interruptions  of  the  voltaic  ex- 

*  Translated  from  the  Monatsbericht  der  Berliner  Akademie,  November 
1863,  by  Dr.  E.  Atkinson. 
Phil,  Mag.  S.  4.  Vol.  38.  No.  186.  July  1864.  B 
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citing  current,  that  the  tension  observed  only  belongs  to  the 
current  when  it  is  opened. 

These  phenomena  are  certainly  surprising  when  it  is  considered 
that  the  poles  of  the  inductorium  lose  their  tension  completely 
when  they  are  joined  by  a  simple,  by  no  means  short,  thick 
metallic  wire.  It  is  indeed  stated  that  they  retain  even  then  a 
trace  of  tension ;  but  with  my  apparatus  I  could  not  observe  it, 
either  by  the  goid-leaf  electrometer  or  with  the  tongue.  Even 
when  I  had  approached  the  poles  of  a  powerful  apparatus  till 
they  produced  sparks  abundantly,  I  could,  by  means  of  100  feet 
of  a  platinum  wire  0*1  millim.  in  diameter,  which  was  bent  back- 
wards and  forwards  in  the  air,  and  was  equal  in  resistance  at 
least  to  1000  feet  of  the  induction  wire,  entirely  take  away  not 
merely  the  sparks,  but  every  perceptible  trace  of  tension  at  the 
poles,  when  I  connected  them  with  the  two  ends  of  this  wire. 
But  these  phenomena  of  tension  were  at  once  distinctly  observed, 
though  in  a  less  degree,  even  with  a  copper  wire  of  0'66  millim. 
in  thickness  and  not  more  than  400  feet  long  which  was  roUed 
in  the  form  of  coil. 

Non-metallic,  relatively  bad  conductors  alone  exhibited  a  dif- 
ferent deportment  in  this  respect.  A  hemp  string,  for  instance, 
moistened  with  feebly  acid  water,  showed  not  merely  tension  in 
the  electrometer,  but  gave  just  as  delicate  sparks  as  a  large  coil 
of  wire,  even  when  its  length  was  only  an  inch  or  less. 

It  differed  remarkably  from  metallic  wires  (in  which,  as  is  well 
known,  only  very  feeble  heating  is  perceptible)  by  the  fact  that 
it  became  considerably  heated — so  much  so,  that  a  thermometer 
round  whose  cylinder  it  was  coiled  once,  rose  in  a  minute  from 
40°  to  50°,  that  it  smoked  visibly,  gradually  dried,  then  car- 
bonized, and  finally  disappeared  with  sparks. 

Although  it  was  not  impossible  that  even  straight  wires  of 
great  thickness  and  length,  simply  in  virtue  of  their  resistance, 
might  exhibit  a  certain  tension  when  united  with  the  poles  of 
the  inductorium,  I  was  yet  convinced  that  the  phenomena 
mentioned  were  not  phenomena  of  resistance,  but  arose  from  an 
induction  which  might  indeed  occur  in  a  feeble  degree  in  straight 
wires,  and  I  designated  it  even  then  as  the  result  of  such  a 
process,  without  expressing  an  opinion  as  to  the  particular  manner. 

Continued  occupation  with  the  subject  has  confirmed  me  in 
the  original  view,  and  leads  me  to  consider  it  as  not  doubtful 
that  the  tension  observed  proceeds  from  an  induction  current, 
which  the  current  of  the  inductorium,  the  current  of  opening, 
produces  in  the  spires  of  the  accessory  coil  in  the  opposite  direction 
to  its  own. 

As  it  is  usual  to  designate  the  current  of  induction,  which  the 
voltaic  current  can  produce  in  its  own  wire  on  opening  and 
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closing,  as  an  extra  current,  I  do  not  hesitate  to  designate  the 
current  in  question  as  the  extra  current  of  the  induction  current. 

To  test  this  view  more  accurately,  it  appeared  best  to  inves- 
tigate the  deportment  of  various  induction  apparatus  to  each 
other. 

I  first  combined  two  apparatus  of  this  kind,  as  similar  as  pos- 
sible, in  opposite  directions,  by  joining  in  a  corresponding  manner 
the  two  external  divisions  of  an  inductorium  with  three  divisions, 
by  bright  copper  wires  of  small  length.  Although  each  of  these 
divisions  only  contained  1200  feet  of  copper  wire  of  0'25  millim. 
in  thickness,  and,  both  united  in  the  same  direction,  exhibited  no 
perceptible  trace  of  tension,  yet  when  united  in  opposite  direc- 
tions their  junction  wires  gave  painful  sparks. 

There  was  no  current  in  this ;  for  an  electrical  egg  interposed 
in  one  of  the  joining  wires  showed  no  luminous  phenomena. 

Thereupon  I  combined  this  inductorium  as  a  whole,  in  which 
it  contained  about  3800  feet  of  wire,  in  an  opposite  direction 
with  another  large  apparatus  whose  induction  coil  consisted  of 
23,000  feet  of  wire  |th  of  a  millim.  in  thickness,  in  which  I 
passed  one  and  the  same  voltaic  current  through  the  inducing 
coils  of  both,  and  interrupted  them  by  one  and  the  same  hammer. 

I  began  by  testing  the  induction  coils  singly,  by  causing 
one  to  give  sparks  at  the  micrometer  while  the  other  was  closed 
by  metal.  As  was  to  be  presupposed,  the  larger  apparatus  was 
the  more  powerful ;  the  striking-distance  of  its  sparks  was  more 
than  double  that  of  the  sparks  of  the  smaller. 

When  they  were  now  combined  in  an  opposite  direction  (that 
is,  the  similar  poles  of  both  coils  united)  by  bright  copper  wires 
of  no  great  length,  a  current  moved  in  the  direction  of  the 
stronger  apparatus  accompanied  by  a  tension  upon  the  joining 
wires,  which  yielded  even  more  piercing  sparks  than  those  in  the 
former  case*. 

Both  these  results  serve  doubtless  as  a  support  of  my  view,  in 
so  far  as  they  show  that  when,  in  a  closed  circuit  of  wii-e,  two 
induction  currents  (whether  equally  or  unequally  strong  is  quite 
immaterial)  act  in  opposite  directions  to  each  other,  free  elec- 
tricity occurs. 

It  was  now  necessary  to  furnish  a  proof  that  in  the  original 
experiment  the  current  of  the  inductorium  evoked  an  opposite 
current  {Gegenstrom)  in  the  accessory  wire.  This  was  eflfected  in 
two  ways. 

*  I  will  uot  omit  to  mentiou  that  even  vvheu  both  apparatus  were  joined 
in  the  same  direction,  a  tension  was  indeed  observed  on  the  wires,  though 
somewhat  feeble.  This,  however,  I  can  only  consider  as  abnormal,  arising 
from  some  not  yet  explained  circumstance.  For,  if  it  were  normal,  it  must 
occur  in  each  individual  inductorium,  as  that  may  always  be  supposed  to 
consist  of  two  unequal  instruments  acting  in  the  same  direction. 

B2 
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First  by  a  bundle  of  iron  wire.  If  such  a  bundle  is  inserted 
in  the  accessory  coil,  tension  and  sparks  are  observed  in  the 
junction  wires  to  a  surprising  degree.  The  supposition  is  most 
natural  that  this  result  arises  from  a  strengthening  of  the  opposite 
current ;  and  if  this  supposition  is  confirmed,  the  inducing  induc- 
tion current  must  be  enfeebled  by  the  bundle  of  iron.  This  is  in 
fact  the  case. 

I  was  convinced  of  this  in  the  following  manner.  I  joined 
an  inductorium  having  10,000  feet  of  wire  to  an  accessory  coil 
of  23,000  feet,  interposing  at  the  same  time  a  galvanometer  and 
a  well-exhausted  electrical  egg — the  latter  for  the  double  reason 
of  observing  the  luminous  phenomena  in  it,  and  removing  the 
closing  current,  so  that  the  hammer  might  be  used ;  for  indi- 
dividual  openings  and  closings  of  the  battery  of  six  elements 
had  produced  no  result. 

By  means  of  this  arrangement,  and  without  iron  w4re  in  the 
accessory  coil,  1  obtained  a  deflection  of  about  20°  in  the  gal- 
vanometer, and  the  well-known  luminosity  in  the  egg.  When 
the  iron  was  interposed  in  the  coil,  the  deflection  sank  at  least 
to  half  its  amount,  and  the  light  in  the  egg  disappeared  almost 
completely,  being  reduced  to  a  few  irregular  sparks. 

Hence  the  strengthening  of  the  opposite  current,  and  there- 
fore its  existence,  cannot  be  subject  to  any  doubt. 

In  what  manner  soft  iron  strengthens  the  opposite  current 
does  not  conic  into  consideration.  I  will,  however,  remark  that 
an  induction  current  magnetized  the  iron  in  the  same  direction  as 
that  in  which  it  deflects  a  magnetic  needle,  that  it  gives  therefore 
to  Ampere's  molecular  currents  the  same  direction  as  its  own; 
while  in  an  adjacent  wire,  according  to  the  observations  of  Henry 
and  others,  it  produces  an  induction  current  of  the  second  order  in 
an  opposite  direction*.  By  its  magnetization  the  iron  reacts  on 
the  magnetizing  induction  wire,  and  as  it  produces  in  it  an  op- 
posite current,  I  conclude  that  this  current  is  the  product  of  the 
commencing  magnetism,  and  the  disappearing  acts  little,  or  not  at 
all.  If  in  the  momentary  magnetization  which  the  soft  iron 
experiences  by  the  induction  current,  resulting  from  the  opening 
of  the  voltaic  current,  both  elements,  the  increase  and  decrease 
of  the  magnetism,  were  of  equal  influence  upon  that  current,  it 
could  not  be  perceptibly  aff"ected. 

A  closed  coil  inserted  in  the  accessory  coil  acts  differently, 
that  is,  enfeebles  the  opposite  current,  and  therewith  the  tension ; 

*  It  is  clear  th.at  an  induction  current,  since  in  its  transitory  career  it  in- 
creases and  decreases,  must  induce  two  currents  as  well  in  its  own  as  in  an 
adjacent  wire,  one  of  opposite  and  one  of  the  same  direction.  But  ac- 
cording to  all  observations  the  first  is,  in  galvanic  induction,  the  stronger ; 
hence  I  have  only  spoken  of  it,  and  called  it  opposite  current. 
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for  the  inducing  induction  current  produces  in  it  a  current  of 
the  same  direction  as  the  opposite  current  which  reacts  upon  this. 
But  I  had  no  coil  of  a  sufficient  number  of  windings^  which  I 
might  liave  inserted  in  the  accessory  coilj  so  as  in  this  way  com- 
pletely to  destroy  the  opposite  current. 

The  inductorium  itself  gives  the  second  proof  of  the  existence 
of  the  supposed  opposite  current.  For  to  produce  the  often 
mentioned  phenomena  of  tension  it  is  unnecessary  to  use  an 
accessory  coil ;  the  inductorium  itself  is  quite  sufficient. 

Nothing  moje  is  necessary  than  that,  after  the  poles  of  the 
instrument  at  work  have  been  united  with  one  another  by  a 
short  wire,  the  inducing  coil  together  with  its  iron  core  be  par- 
tially withdrawn.  On  commencing,  free  electricity  appears  in 
the  junction  wire,  and  it  increases  until  about  two-thirds  or 
three-fourths  of  the  coil  are  withdrawn  from  the  induction  coil. 
It  is  true  that  in  this  case  the  empty  part  of  the  induction  coil 
represents  the  position  of  the  accessory  coils  in  the  earlier  expe- 
riments, and  so  far  this  result  is  not  surprising. 

If  now  the  inducing  coil  is  slowly  reinserted,  free  electricity 
begins  to  decrease,  and  continues  to  entire  disappearance  when  the 
coil  has  been  restored  to  its  original  position.  This  also  is 
natural. 

But,  it  may  be  asked,  what  happens  in  this  second  process  ? 
Obviously  nothing  else  than  that,  in  the  coils  of  the  empty  part 
of  the  induction  coil,  the  original  induction,  partly  or  entirely 
removed,  is  reproduced.  This  induction  destroys  the  earlier 
condition.  But  what  destroys  an  induction  can  be  only  an  in- 
duction, and  one  of  opposite  direction ;  hence  by  this  experi- 
ment the  existence  of  the  opposite  current  is  proved.  I  do  not 
suppose  that  anything  well  founded  can  be  urged  against  these 
simple  conclusions. 

1  will  only  add  that  the  phenomenon  of  tension  in  question, 
if  purely  one  of  resistance,  could  never  entirely  disappear,  but 
rather,  even  with  the  very  best  conduction  between  the  poles  of 
the  instrument,  must  occur  in  full  force ;  for  each  partial  current 
which  is  induced  in  an  individual  spire  of  the  induction  coil  has 
to  traverse  the  sum  of  all  the  other  spires  of  the  coil,  and  hence 
to  overcome  a  resistance  which  would  be  quite  sufficient  to  cause 
free  electricity  to  appear  if  this  were  merely  evoked  by  resistance. 

From  all  this  I  consider  the  origin  of  free  electricity  in  the 
circuit  of  a  metallic  closed  inductorium  to  be  sufficiently  esta- 
blished, and  hence  I  think  myself  justified  in  passing  over  other 
experiments  which  I  have  undertaken  in  this  direction. 

Yet  I  cannot  help  discussing  an  objection  which  seems  to 
follow  from  the  statement  that  the  striking-distance  of  the  in- 
duction spark  undergoes  no  enfeeblement  from  a  wire  circuit 


Q  Prof.  J.  C.  Poggeudorff  on  the  Extra  Current 

introduced  into  the  path  of  the  current.  The  striking-distance 
stands  obviously  in  a  direct  ratio  to  the  electromotive  force  j  and 
when  this  latter  is  enfeebled  by  an  opposite  current,  it  can  scarcely 
be  otherwise  than  that  the  striking-distance  should  also  be 
diminished.  Although  my  earlier  investigations  seem  to  speak 
against  this,  I  believe  that  such  a  diminution  actually  occurs 
whenever  the  interposed  wire  is  used  in  the  form  of  coil,  and 
that  it  is  only  on  the  one  hand  the  indefiniteness  of  the  striking- 
distance,  and  on  the  other  the  weakness  of  the  partial  current, 
which  may  have  prevented  this  diminution  from  being  perceived. 
It  does  not  here  depend  so  much  on  the  absolute  length  of  the 
coil  added,  as  upon  its  ratio  to  the  length  of  the  wire  of  the  in- 
ductorium.  With  a  certain  ratio,  the  opposite  current,  or  its  en- 
feebling influence  upon  the  inducing  current,  is  most  strongly 
developed,  and  then  the  diminution  also  naturally  follows. 
Some  experiments  which  I  made  in  this  respect  were  favourable 
to  this  view,  although  a  repetition  of  them  with  greater  means 
than  those  at  my  command  would  not  have  been  superfluous. 
For  straight  wires,  the  above  statement,  though  not  perhaps  with 
the  utmost  rigidity,  applies  with  tolerable  approximation. 

In  the  foregoing  I  have  only  spoken  of  the  developments  of 
the  opposite  current  in  free  air;  its  occurrence  is  extremely 
striking  when  part  of  the  circuit  is  in  a  rarefied  space. 

If  under  the  receiver  of  an  extra  plate  of  an  air-pump  which 
is  provided  with  the  necessary  insulated  conductors,  a  bright 
copper  wire  is  stretched,  and  the  air  is  adequately  exhausted, 
and  if  the  arrangement  is  placed  in  the  circuit  of  an  inducto- 
rium  provided  with  its  accessory  coil,  as  soon  as  the  instrument 
is  set  to  work  the  wire  is  seen  to  become  brightly  luminous,  and 
to  send  bright  rays  towards  the  bell.  The  phenomenon  is  im- 
proved by  clothing  the  bell  externally  with  a  strip  of  tinfoil 
corresponding  to  the  wire,  which  is  placed  in  connexion  with 
the  ground ;  and  still  more  by  bringing  a  small  piece  of  phos- 
phorus under  the  bell. 

In  general  the  wire  does  not  become  continuously, but  partially 
luminous;  these  luminous  parts  are  in  continual  motion,  run 
backwards  and  forwards  on  the  wire,  and  send  glimmering  rays 
towards  the  tinfoil,  which  also  becomes  luminous  on  the  inside, 
so  that  the  whole,  since  at  the  same  time  the  dark  parts,  by 
contrast,  appear  to  emit  dark  rays,  has  an  appearance  like  that 
of  the  aurora  borealis. 

I  could  see  nothing  of  a  stratification  in  this  luminous  phe- 
nomenon, although  I  had  first  with  this  view  allowed  phospho- 
rus to  evaporate  under  the  bell ;  the  formation  of  stratification 
is  probably  suppressed  or  concealed  by  the  great  mobility  of  the 
light.  Nor  could  I  perceive  any  material  difference  in  the  appear- 
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ance  and  colour  of  the  light  when  the  receiver  was  alternately 
touched  on  the  positive  and  on  the  negative  side  of  the  apparatus. 
Its  colour  is  whitish  throughout. 

This  side  light,  as  I  will  call  it,  as  it  is  obviously  analogous  to 
the  lateral  emissions  which  have  long  been  known  in  powerful 
electric  discharges  in  free  air,  was  most  intense  when  the  induc- 
torium  was  made  to  give  spai'ks  in  the  air,  and  at  the  same  time 
the  air  surrounding  part  of  the  joining  partially  exhausted.  The 
further  apart  the  poles  are  moved,  the  more  intense  is  the  light, 
and  of  course  the  tension  upon  the  wires.  It  is,  on  the  other 
hand,  relatively  feeble  if  the  poles  of  the  apparatus  are  con- 
nected with  the  armatures  of  a  Leyden  jar,  in  which,  as  is  known, 
recurrent  currents  are  formed,  and  the  tension  upon  the  wires  is 
feebler. 

The  side  light  is  a  useful  indicator  of  the  degree  of  free  elec- 
tricity on  the  wires. 

If,  for  example,  an  induction  coil  is  placed  in  metallic  connexion 
with  a  larger  one,  and  an  induction  current  is  alternately  pro- 
duced in  the  first  and  in  the  second,  while  the  other  is  used 
empty  as  an  accessory  coil,  even  the  sensation  of  feeling  shows 
that  the  tension  in  the  wire  is  stronger  when  the  current  is  in- 
duced in  the  smaller  coil,  although  the  current  is  feebler  in  that 
case  than  in  the  other;  but  this  is  shown  much  more  convin- 
cingly by  the  side  light.  The  strengthening  action  produced  by 
introducing  a  bundle  of  iron  wire  into  the  accessory  coil  cannot 
be  more  surprisingly  shown  than  by  the  side  light. 

I  must  in  conclusion  mention  that  in  1859,  Koosen*,  on  the 
occasion  of  another  investigation,  made  observations  which  are 
closely  allied  to  mine,  but  do  not  quite  coincide  with  them.  He 
observes  the  phenomenon  in  a  form  in  which  it  is  essentially  a 
phenomenon  of  partial  currents.  He  offers,  that  is,  two  paths  for 
the  induction  current,  one  through  air  and  one  through  metal, 
by  letting  the  poles  of  the  instrument  give  sparks,  and  joining 
them  at  the  same  time  by  a  very  long  wire,  in  which  he  finds 
that  the  striking-distance  of  the  sparks,  in  spite  of  this  metallic 
lateral  circuit,  is  either  not  at  all  or  not  perceptibly  diminished. 
The  free  electricity  in  the  wire  has  not  indeed  escaped  him ;  but 
since  he  only  states  that  the  wire  has  a  certain  tension  which  can 
be  shown  by  the  gold-leaf  electrometer,  while  he  does  not  mention 
the  sparks  and  their  piercing  action,  he  has  probably  not  seen 
the  phenomenon  in  its  full  development,  perhaps  because  he 
used  covered  and  varnished  wires,  perhaps  because  he  only  studied 
it  at  one  branch  of  the  current.  Finally,  he  does  not  dwell 
upon  the  cause  of  the  phenomenon.  Although  he  has  in  all  pro- 
bability used  the  wire  in  the  form  of  coil,  yet  he  does  not  say 
*  Pogg.  Ann.  vol.  cvii.  p.  21 1 . 
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so,  but  always  speaks  of  the  length  and  resistance  of  the  wire. 
So  that  I  do  not  consider  the  publication  of  my  experiments  to 
be  superfluous. 

I  have,  moreover,  repeated  the  observations  in  the  manner 
described  by  Koosen,  and  found  them  confirmed  in  the  main 
point,  as  was  to  be  expected;  yet  I  have  also  observed  that  it 
depends  on  the  relation  between  the  length  of  wire  in  the  accessory 
coil  and  in  the  inductorium.  An  accessory  coil  of  10,000  feet 
took  away  completely  the  sparks  of  an  inductorium  of  23,000 
feet,  while  it  left  untouched  those  of  a  small  instrument  of  3000 
feet.  The  phenomenon  is  best  seen  as  one  of  partial  currents  and 
of  resistance  when  a  hemp  thread  5  or  6  feet  in  length,  moist- 
ened with  spring-water,  which  is  fixed  insulated  in  the  air,  once 
backwards  and  forwards,  and  connected  with  the  poles  of  the 
spark  micrometer.  By  moving  a  wire  bridge  laid  across,  it  can 
be  shortened  at  pleasure  for  the  current,  and  it  may  be  observed 
that  the  first  action  upon  the  sparks  consists  in  an  attenuation 
of  them. 


II.  On  the  Discrepance  between  the  English  and  French  Baro- 
meter-Scales; and  on  the  Corrections  necessanj  in  reducing  the 
Readings  to  the  Freezing-point.     By  Charles  Packe,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  JournaL 

Gentlemen, 

A^'ING  brought  out  with  me  a  barometer  graduated  with 
a  double  scale,  reading  millimetres  on  one  side  and  inches 
on  the  other,  I  have  been  at  some  pains  to  investigate  the  slight 
apparent  anomaly  existing  between  the  French  and  English 
scales  as  compared  with  the  boiling-point,  which  I  think  may 
be  satisfactorily  accounted  for  in  the  following  manner : — 

Boiling-  Barometer, 

point.       /•   in.  mm.  ~>  r  in.  mm. 

212°  F.,  J  29-905  or  759-58,        1      |  29-922  or  760, 

or    =  ^      as  given   by  the   Kew  {^^\      as  given  by  Regnault  in 
100  C.  Committee  of  the  British         1      his  Tables  of  the  Elasti- 

Association.  -^  city  of  Vapour. 

The  larger  portion  of  this  discrepance  arises  from  the  differ- 
ence of  the  standard  temperature  of  the  scales  of  the  English 
and  French  barometers  ;  the  remainder  is  accounted  for  by  the 
difference  of  latitude  producing  a  variation  of  gravity. 

First  as  to  the  discrepance  arising  from  the  standard  tempe- 
ratures. That  of  the  English  barometer  being  30°  F.  higher 
than  that  of  the  French  scale,  when  the  mercurial  column  is  re- 
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duced  to  the  freezing-point,  the  scale  of  the  French  barometer 
is  also  reduced  to  the  freezing-point,  but  the  scale  of  the  English 
one  is  only  reduced  to  the  temperature  of  62°  F. 

The  consequence  is  that  the  French  barometer,  when  reduced, 
will  always  read  higher  than  the  English  barometer. 
Let  A  be  the  height  of  the  barometer  observed ; 

B  the  linear  expansion  of  brass  for  l""  F,  =  -0000104344, 
as  given  by  Laplace  and  Lavoisier,  or  '00001 8782  for 
1°C. 

The  French  barometer,  when  reduced,  will,  on  account  of  the 
difference  of  standard  temperatures,  read  higher  than  the  English 
barometer  by  an  amount  =30  AB;  e.  g., 

Let  the  height  of  the  barometer  be  =  the  boiling-point  212°, 
i.  e.  29*905  inches. 

B  = -0000104344=  log  5-018467 

A=29-905  =  log  1-475743 

30  =  loo;  1-477121 


3-971331  =  -009361  inch  excess  of 
the  French  reading. 

By  changing  A  it  will  be  evident  that  we  get  the  excess  for  any 
height  of  the  barometer,  but  for  the  average  height  at  the  sea- 
level  it  may  be  taken  as  -009  inch. 

For  exact  observation,  therefore,  it  is  useless  to  have  a  baro- 
meter marked  with  a  double  scale, — the  French  and  English  : 
they  cannot  be  made  to  coincide ;  e.  g. 

Let  the  barometer  read  29  inches  =  736-59  millims.  (temp. 
62°  F.  =  16°-67C.).  In  the  English  scale  at  62°  (the  temperature 
of  the  standard)  no  correction  is  made  for  the  brass  scale.  The 
only  correction  is  for  the  expansion  of  the  mercury  —  '087, 

in. 

29 
-     -087 
reduced  28913  =  734-38  millims. 

But  in  the  French  scale,  the  temperature  of  the  standard  being 
32°  F.,  the  correction  to  be  made  is  for  the  expansion  of  the 
mercury  —  the  expansion  of  the  scale : 

mm. 

Expansion  of  mercury  for  16°-67  C.  =   2-212 
Expansion  of  brass  scale  for       „        =  — -231 


1-981 


736-59 
-     1-981 


reduced  734-61  =  28-9224  inches. 
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To  reduce  the  barometer  to  the  freezing-point,  we  have  the 
following  formulae : — 

Let  M  =  the  cubic  expansion  of  mercury  for  the  number  of 
degrees  Centigrade  or  Fahrenheit,  by  which    the 
observed  temperature  diflfers  from  the  freezing-point. 
B  =  the  linear  expansion  of  the  brass  scale  for  the  num- 
ber of  degrees  by  which  the  observed  temperature 
differs  from  the  standard. 
H  =  the  observed  height  of  the  barometer  in  inches  or 
millimetres. 
The  formula  for  the  reduction  of  the  English  barometer  will  be 

Above  62^  F -(M-B)xH 

Below  62°,  above  32°  .     .     -  (M  -f  B)  x  H 

Below  32° -h(M-B)xH 

For  the  reduction  of  the  French  barometer. 

Above  the  freezing-point  .      —  (M— B)  x  H 
Below  the  freezing-point  .      -f  (M  — B)  x  H 

By  the  difference  in  the  standard  temperatures  we  can  thus 
account  for  -00936  inch  out  of  the  -017  by  which  the  Kew 
equivalent  to  the  boiling-point  differs  •  from  that  of  Regnault. 
The  remainder  is  almost  exactly  accounted  for  by  the  difference 
of  gravitation. 

The  increase  of  gravitation,  i.  e.  gravity  as  diminished  by  the 
centrifugal  force,  is  from  the  equator  to  the  polea  =-0052005, 
or  -00260  to  the  45th  degree  of  latitude. 

Adopting  the  law  that  it  increases  as  the  square  of  the  sine  of 
the  latitude,  we  find  that  in  51°  30',  the  latitude  of  London,  the 
increase  of  gravity  is  =-0031852;  in  latitude  49°,  that  of  Paris, 
the  increase  of  gravity  -0029621. 

Let  D  be  the  difference  of  these  two  gravities  =-0002231 ; 
B'  the  height  of  the  mercurial  column  at  London,  equiva- 
lent to  a  given  pressure  ; 
B  the  corresponding  height  of  the  mercurial  column  at 
Paris. 
B  will  be  equal  (B'+B'D)  :  e.  y. 

Gravity  in  lat.  51°  30' =  -003 1852 
Gravity  in  lat.  49°        =  -002962 1 

Difference  =  -0002231  =  log  4-348305  =  D 
29-905  =  log  1-475744  =  B' 

3-824049  = -006688  =  B'D. 

To  compare,  therefore,   the  barometric  column  at   London 
with  that  representing  a  corresponding  pressure  at  Paris,  we 
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must  add  two  corrections — one  for  the  difference  of  the  tempe- 
rature of  standard,  and  a  second  for  the  decrease  of  gravity. 
The  corrections  will  be  as  follows  : — 

Barometer  at  London  observed  and"l     QQ.Q/^f- 

reduced  to  freezing-point  J     '^ 

Correction  for  temperature  of  standard  +    '009361 
Correction  for  decrease  of  gravity   .      -\-    '006688 

29' 92 1049  equivalent 
pressure  at  Paris. 

This  is  very  close  to  the  equivalent  pressure  which  Regnault 
gives  in  his  Tables,  760  millims.  =29*922  inches*. 

Of  course  in  a  lower  latitude  the  accurate  correction  for  gravity 
will  be  greater;  but  practically  all  Tables  are  made  to  corre- 
spond with  that  of  London  or  Paris ;  or  else  the  barometer  is 
supposed  to  be  reduced  to  the  mean  gravity  of  lat.  45°=  "0026003. 
I  am  somewhat  astonished  to  find  that  in  all  the  Tables  given  for 
the  reduction  of  the  barometer  to  the  freezing-point,  the  only 
elements  taken  into  consideration  in  computing  the  dilatation 
of  the  mercurial  column  are  the  linear  expansion  of  the  brass 
scales,  and  the  cubic  expansion  of  mercury.  Surely  for  real^ 
accuracy  the  superficial  expansion  of  the  glass  tube  (i.  e.  increase 
of  its  capacity)  should  also  be  allowed  for,  as  was  done  by  Mr. 
Stewart  in  his  experiment  to  determine  the  melting-point  of 
mercury  (see  Phil.  Trans,  vol.  cliii.  p.  430). 

Let  the  expansion  in  volume  of  mercury  [i.  e.  cubic)  be,  as 
determined  by  Regnault,  ='00018153  for  each  degree  Centi- 
grade above  the  freezing-point,  and  the  coefficient  of  linear  ex- 
pansion of  the  glass  tube  be  ='0000086130,  as  determined  by 
Dulong  and  Petit ;  then  the  coefficient  of  the  svxperficial  ex- 
pansion {i.  e.  capacity)  of  the  glass  tube  will  be  ='000017226. 

Take  M  for  the  cubic  expansion  of  the  mercury,  and  G  for  the 

*  I  have  taken  the  increase  of  gravity  adopted  by  Guyot  in  his  Table* 

...  1 

ss  0*00520048,  which   assumes  the  elhpticity  of  the  earth  ^jo- 

If  we  take  the  ellipticity  of  the  earth  as  given  by  the  British  Ordnance 

Survey,  ^04  (see  Phil.  Mag.  vol.  xxiv.  p.  413),  we  shall  get  the  increase  of 

gravity  from  the  equator  to  the  pole  ="00527919,  and  this  will  give  the 
difference  between  that  of  Paris  and  London 

=  -00023642  =  log  4-373684 
29-905  =  log  1-475743 

3-849427  =  -007070,  the  amount  to  be  added 
for  gravity. 
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superficial  expansion  of  the  glass  tube,  for  the  number  of  degrees 
observed  above  or  below  the  freezing-point. 

The  dilatation  of  the  mercurial  column  will  be  =M  —  G,  or 

•00018153 
-•000017226 

=  000164304  for  each  degree  Centigrade, 
=  •000091280  for  each  degree  Fahrenheit. 

The  Tables,  French  and  English,  give  as  the  correction, 

•0001614  for  r  Centigrade;=^00008967 for  1°  Fahrenheit; 

but  they  all  take  Dulong  and  Petit's  coefficient  for  the  cubic 
expansion  of  mercury,  which  is  lower  than  that  of  Regnault, 
being  only  -000180180. 

When  the  column  is  thus  reduced  for  the  expansion  of  the 
mercury,  the  additional  correction  for  that  of  the  scale  has  to 
be  applied. 

I  am,  Gentlemen, 

Yours  faithfully, 
Gavarnie,  Hautes  Pyrenees,  CharLES  "ACKE. 

April  22,  1864. 


III.   On  the  Probability  of  Testimony  and  Arguments.     By  T.  K. 
Abbott,  M.A.,  Fellorv  and  Tutor  of  Trinity  College,  Dublin*. 

THERE  are  certain  questions  respecting  the  probability  of 
testimony  and  argument  which,  although  of  considerable 
practical  importance,  have  been  either  neglected  or  erroneously 
treated  by  writers  on  the  subject.  It  is  the  purpose  of  the  pre- 
sent paper  to  consider  briefly  a  few  of  these,  keeping  in  view  not 
so  much  theoretical  generality  or  completeness,  as  the  corre- 
spondence of  the  conditions  assumed  with  those  which  occur  in 
ordinary  experience. 

The  case  of  testimony  is  represented  in  the  ordinary  treatises 
as  follows : — Suppose  a  witness.  A,  affirms  that  a  certain  event 
has  occurred,  the  antecedent  probability  of  which  was  p,  and  let 
the  witness's  credibility  be  a.  Then,  it  is  said,  there  are  only 
two  possible  cases.     Either  he  is  right,  the  chance  of  which  is 

and  the  event  has  occurred,  the  chance  of  which  is] 

P  > 
.'.  the  chance  of  this  coincidence  is 

ap. 

*  Communicated  bv  the  Author. 
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Or  he  is  wrong, 

and  the  event  has  not  occurred, 
.*.  the  chance  of  this  coincidence  is 


1 — a  i—p. 

The  sum  of  these  gives  the  common  denominator ;  and  hence 
the  resulting  probability,  P,  that  the  event  has  actually  hap- 
pened is 


P  = 


ap 


ap  +  \—a  1 — p 

Now  let  there  be  two  or  more  witnesses  who  agree  in  the  same 
assertion,  their  respective  credibility  being  a^,  a^,  &c.  Then 
either  they  are  together  right,  and  the  event  has  occurred,  the 
chance  of  which  is 

fl,   <72  •  •  •  ftnP  ; 

or  they  are  together  wrong,  and  the  event  has  not  occurred,  the 
chance  of  which  is 


Hence  the  resulting  probability  of  the  event  is 
p_ «1  «2  •  •  •  «»^ 


From  the  first  formula  it  follows  that,  if  «  =  ^,  P=jo  ;  that  is  to 
say,  if  this  witness  attests  an  event,  of  the  chances  of  which  we 
know  nothing,  his  aflSrmation  is  enough  to  make  the  odds  on  it 
even  ;  but  if  we  have  any  other  means  of  estimating  the  chances, 
his  testimony  goes  for  nothing.  This  is  certainly  not  practically 
true.  But  the  second  formula  leads  to  a  result  more  obviously 
absurd.  Suppose  aj  =  «2=  •••  =««  =  !;  then  in  this  case  again 
P=/3;  that  is  to  say,  if  any  number  of  witnesses,  supposed 
to  be  wholly  independent,  give  coincident  testimony,  it  adds 
nothing  to  the  probability  of  the  event,  unless  each  separately  is 
sufficiently  credible  to  turn  the  odds  iu  its  favour.  If  the  odds 
are  against  the  truth  of  each  witness  separately,  then  the  greater 
their  number  the  less  credit  is  due  to  their  testimony.  The 
weight  usually  attributed  to  the  coincidence  of  independent  wit- 
nesses is  inconsistent  with  the  formula,  according  to  which 
agreement  in  truth  is  just  as  unlikely  as  agreement  in  falsehood. 
A  calculation  which  yields  such  results  as  these  must  be  erro- 
neous, or  imply  conditions  very  different  from  those  of  ordinary 
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experience.  In  fact  we  have  taken  no  account  of  the  datum 
that  error  is  manifold,  while  truth  is  one. 

Laplace  analyzes  the  case  of  single  witnesses  as  follows.  His 
method  generally  is,  having  stated  the  chances  of  every  possible 
case,  to  multiply  each  by  the  chances  of  the  hypothesis  in  that  par- 
ticular case.  Thus,  suppose  an  urn  contains  100  balls  numbered 
consecutively,  and  one  is  drawn.  The  witness  A,  who  knows 
how  many  balls  there  are,  affirms  that  the  ball  drawn  was  No.  25. 
Let  us  suppose  his  general  credibility  to  be  ^  j  we  have  the  fol- 
lowing cases : — 

Hypothesis. — A  affirms  No.  25. 

Either  he  is  right  =  ^,  and  it  was  drawn  =  j-^.  In  this 
case  the  hypothesis  is  certain,  therefore  the  chances  of  this 
supposition  =iTlo  =  T2o- 

Or  he  is  wrong  =^,  and  No.  25  was  not  drawn,  =-^^q;  but 
this  must  now  be  multiplied  by  the  chance  of  the  hypothesis  in 
this  case,  i.  e.  the  chance  that  when  A  is  wrong,  his  false  testi- 
mony will  be  borne  to  No.  25.  There  being  99  balls  not  drawn, 
any  of  which  might  be  asserted  falsely,  this  chance  is  therefore  g^, 
and  the  total  chances  of  this  last  supposition  =1yo'o  ^=^io* 

The  chances  of  the  two  suppositions  respet  lively  are  therefore 

Y2  0  ^^^  6  0  0^  ^^^  ^^  these  exhaust  all  possible  cases,  the  total 

1  5 

probability  of  the  event  affirmed  is     .  ^^"    -  =  -,  i.  e.  it  is 

TSTT  fmru     " 
the  same  as  the  witness's  general  credibility.     The  erroneous 

formula  first  quoted  would  have  given  as  the  resulting  proba- 

bility  -ji«^-^  =  ^. 
120  \6oq        ^^* 
Laplace,  it  will  be  seen,  has  taken  account  of  the  diversity  of 

error  ;  yet  his  conditions  do  not  correspond  perfectly  with  those 
of  actual  experience.  In  fact  the  resulting  probability  in  the 
case  supposed  was  found  to  depend  solely  on  the  credibility  of 
the  witness,  not  at  all  on  the  antecedent  probability  of  the  event. 
This  is  a  consequence  of  the  supposition  that  the  witness  knows 
the  number  of  balls  in  the  urn ;  so  that  the  number  of  possible 
errors  is  99,  and  the  odds  against  any  particular  ball  are  also 
99  to  1.  In  fact  the  chance  of  any  ball  being  named  at  random 
is  the  same  as  the  chance  of  its  being  drawn.  But  there  is  a 
further  condition  implied  in  the  mode  of  stating  the  problem. 
Let  it  be  supposed  that  there  are  2  white  balls,  3  yellow, 
5  red,  in  all  10.  The  witness  asserts  that  white  is  drawn,  his 
credibility  being  still  supposed  =^.  The  chances  in  favour  of 
his  assertion  are 

6  'To        6* 

If  he  is  wrong,  either  yellow  was  drawn  or  red.     The  chances 
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of  the  former  are  ^;  and  as  there  are  7  balls  not  of  this 
colour,  of  which  2  are  white,  and  the  witness  knows  this,  the 
chances  of  white  being  falsely  named  in  this  case  =^  ^=  ^^. 
Similarly,  the  chances  of  a  false  assertion  of  white  when  red  is 
drawn  =^^  =  ^.  Total  false  assertions  of  white  =^f ,  to  be 
multiplied  by  the  chance  that  A  speaks  falsely  =  ^. 
Hence,  finally,  the  probability  of  A^s  assertion  is 

In  general,  on  this  supposition,  if  there  are  n  cases  whose 
probabilities  are  jSj,  jo^,  &c.,  the  sum  of  these  being  S,  the  chances 
of  a  false  assertion  of  jOj  are 

Call  the  quantity  within  the  brackets  C ;  then  if  the  credibility 
of  the  witness  be  a,  and  he  asserts  the  event  p^,  the  probability 
that  he  is  right  is 


a+{l-a)C 

If  we  suppose  that  the  witness  knows  the  colours  of  the  balls, 
but  not  the  number  of  each  colour,  the  case  is  different.  Sup- 
pose, with  the  same  numbers,  he  affirms  white.  Either  he  is 
right,  and  it  is  drawn 

=  h 
Or  he  is  wrong,  and  selects  white  from  the  two  colours  not  drawD, 

—  1.  3^  1  —  JL 

—  6   10  2  — IS- 

Resulting  probability  of  white 

_      i     -5, 

In  general,  if  there  be  7i  cases  p^,  p^,  &c.  as  above,  and  the  wit- 
ness, knowing  only  the  number  of  possible  cases,  asserts  the 
event  jOj,  the  probability  that  he  is  right  is 

{n-l)api  ^ 

{n-l)api+  l-a  (l-pi) 

Thus  it  is  clear  that  on  either  hypothesis  the  case  assumed  by 
Laplace  is  not  general.  The  condition  involved  in  it,  stated 
generally,  will  be  seen  to  be,  that,  if  the  antecedent  probability 
of  the  event  named  he  p,  the  chances  of  its  being  falsely  named 
when  it  has  not  occurred  are 

P 
l-p 
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Now  let  us  see  how  Laplace  treats  the  case  of  a  witness  attest- 
ing a  fact  of  given  antecedent  probability. 

Suppose  there  are  100  balls,  of  which  one  is  white  and  the 
rest  black.  The  witness  whose  credibility  is  ^  asserts  that  the 
ball  drawn  was  white.     The  cases  are : — 

Hypothesis. — A  affirms  white.  Either  he  is  right  =f,  and 
white  was  drawn  =  y/,  ,y ; 

chances  in  favour  of  this  supposition  =  ^^q. 

Or  he  is  wrong  =  }.,  and  black  was  drawn  =  ^^ ; 

chances  in  favour  of  this  supposition  =  ^^. 

For  on  this  supposition  the  hypothesis  is  certain,  inasmuch  as  A, 
if  he  is  wrong,  must  bear  witness  to  white.  Hence  the  total 
probability  of  white  is 

5      _    5 
5  +  99-104' 

In  general  if  the  whole  number  of  balls  be  n,  of  which  one  only 
is  white,  the  rest  being  black,  and  the  witness  whose  credibility 
is  a  asserts  that  white  was  drawn,  the  probability  of  this  event 
is  evidently 

a 
a+{\-a){n-\) 
The  probability  that  the  assertion  is  not  true  is 

{n-\){\-a) 
«  +  (n-l)(l-a) 

ii  n  is  very  large,  this  will  not  diflPer  much  from  unity,  i.  e. 
certainty,  if  we  suppose  even  a  slight  chance  of  mistake  or  decep- 
tion on  the  part  of  the  witness.  Now  this  is  the  case  of  an  extra- 
ordinary event ;  and  the  result,  adds  Laplace,  confirms  the  judg- 
ment of  common  sense,  that  such  an  event  requires  far  stronger 
evidence  to  prove  it  than  an  ordinary  one. 

On  the  same  conditions,  if  several  (say  r)  witnesses  join  in 
attesting  the  drawing  of  white,  then  if  their  credibihty  is  the 
same,  the  resulting  probability  is 

«»■ 

a'-+(l— a)'-(n  — 1)* 

This  corresponds  with  the  formula  quoted  at  the  beginning  o( 
this  paper,  and  the  same  consideration  shows  that  it  is  not  appli- 
cable to  such  cases  as  are  met  with  in  ordinary  experience.  Sup- 
pose, for  instance,  the  number  of  balls  is  10,  and  three  indepen- 
dent witnesses  testify  that  white  was  drawn.  If  the  credibility 
of  each  is  §  [i.  e.,  it  is  2  to  1  that  his  unsupported  testimony 


Testimony  and  Arguments.  17 

is  true),  then  the  three  together  do  not  make  it  an  even  chance 
that  white  was  drawn.  The  odds  are  still  9  to  8  agauist  it;  and, 
as  before  noticed,  if  the  testimony  of  these  is  supported  by  a 
number  of  independent  witnesses  whose  average  credibility  is 
only  ^,  it  does  not  become  a  whit  more  probable.  Common 
sense  shows  that  this  is  to  allow  too  much  to  the  extraordinary 
character  of  the  event,  and  that  some  condition  must  be  involved 
in  the  calculation  which  does  not  apply  to  the  events  of  ordi- 
nary life. 

One  such  condition  was  introduced  by  the  assumption 
that  when  the  witness  is  mistaken  or  deceived,  there  is  no 
diversity  of  error  possible.  There  are  only  two  colours,  and  he 
knows  this ;  therefore  if  black  is  drawn  and  he  is  wrong,  it  can 
only  be  by  testifying  to  white.  In  order  to  apply  such  a  for- 
mula to  the  evidence  for  an  extraordinary  event  in  general,  we 
must  assume  that,  supposing  it  not  to  have  occurred,  any  error 
on  the  part  of  the  witnesses  must  have  led  to  its  being  reported. 
Of  course  whenever  this  can  be  shown,  the  circumstance  detracts 
immensely  from  the  weight  of  the  testimony ;  but  it  is  very  far 
indeed  from  being  generally  the  case.  Before  examining  the 
problem  more  generally,  it  is  worth  while  to  show  that  Laplace's 
formula  applies  only  to  the  particular  case  which  he  has  selected ; 
and  that  the  extension  of  it  by  subsequent  writers,  who  substitute 

p  (the  antecedent  probability)  for  -,  is  fallacious,  even  when  we 

frame  our  conditions  in  perfect  analogy  with  those  of  Laplace. 
Thus  suppose,  besides  the  99  black  and  one  white  ball,  we  put 
into  the  urn  99  blue  and  one  yellow,  99  red  and  one  green.  The 
drawing  of  white  is  exactly  as  extraordinary  as  before,  and  the 
chances  against  it  greater,  viz.  f  ^.  Nevertheless  when  it  is 
aflSrmed  its  probability  becomes  (the  witness's  credibility  being  ■]) 

5       _  25 
5  ^  2|9  -  324' 

or  more  than  half  as  much  again  as  in  the  former  case.  We 
must  therefore  investigate  the  problem  under  more  general  con- 
ditions. 

Suppose  then  that  the  witness  A  does  not  know  anything 
about  the  colours  or  number  of  the  balls  in  the  urn ;  his  affir- 
mations, therefore,  may  range  over  all  possible  colours,  say 
m.  Now  if  he  states  that  the  ball  drawn  was  white,  we  have  the 
following  eases : — 

Hypothesis, — A  affirms  white.  Either  he  is  right  and  white 
is  drawn,  ^ 
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or  he  is  wrong  and  black  is  drawn, 

on  which  supposition  the  probability  of  the  hypothesis,  i.  e. 
the  chance  that  he  affirms  white  out  of  the  m—  1  colours  which 
are  not  drawn,  is 

1 
m — 1 

The  chances  in  favour  of  this  supposition  therefore  are  . 

.; n-1      1 

I— a ^• 

n     m — 1 

Hence  the  probability  of  the  event  affirmed 

(m  —  l)a 


(m—  l)a  +  (1  —a)  (w  — 1) 

If  there  are  several  (r)  independent  witnesses  who  give  the 
same  evidence,  then,  supposing  their  credibility  to  be  the  same, 
the  probability  of  the  event  is 

{m—iya'' 


{m—iya''+{l—aY{n—l) 

In  the  example  above  given  of  10  balls  and  3  witnesses  each 
of  credibility  §,  if  we  suppose  only  four  colours  capable  of  being 
mentioned,  this  formula  gives  as  the  probability  of  the  event 
^ ;  that  is,  the  odds  in  favour  of  the  event  are  24  to  1  instead 
of  being  only  8  to  9. 

If  now  we  return  to  the  case  put  by  Laplace,  it  may  be  asked, 
is  it  possible  that  the  circumstance  of  the  witness  knowing  or  not 
knowing  that  there  are  only  two  colours  in  the  urn  can  make 
such  an  enormous  difference  in  the  credibility  of  his  testi- 
mony? I  answer  no;  and  for  this  reason,  that  a  does  not 
represent  the  same  quantity  in  both  cases.  This  will  be  at  once 
obvious  from  the  following  consideration.  When  there  are  100 
numbered  balls,  a  man  whose  announcements  are  made  altogether 
at  random  will  be  right  only  once  in  a  hundred  times  ;  but  a  man 
whose  credibility  is  ^,  i.  e.  who  is  right  fifty  times  in  a  hundred, 
is  a  good  witness.  Two  such  witnesses  agreeing  would  be  equi- 
valent to  one  whose  credibility  is  -^^^q.  But  if  there  are  fifty 
black  and  fifty  white  balls,  so  that  there  are  only  two  pos- 
sibilities to  choose  from,  and  the  chances  of  these  are  equal,  the 
random  speaker  will  be  right  fifty  times  in  a  hundred.  In  this 
case,  therefore,  the  credibility  represented  by  ^  is  no  credibility 
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at  all,  and  two  such  witnesses  are  accordingly  of  no  more  value 
than  one ;  so  that  the  same  degree  of  credibility  is  represented 
in  the  one  case  by  j^q,  and  in  the  other  by  \.  The  credibility, 
therefore,  which  was  represented  by  ^  in  the  first  case  ought  to 
be  represented  by  a  greater  fraction  in  the  second ;  the  witness 
has  not  lost  all  his  credibility  because  the  event  itself  has  become 
more  probable.  It  is  clear,  then,  that  a  represents  not  the 
antecedent  credibility  of  the  witness,  but  the  chances  of  his 
announcement  being  right  under  the  particular  conditions  sup- 
posed. 

To  consider  the  matter  practically  : — the  chances  of  the  witness 
being  mistaken  in  the  colour  of  a  black  ball  are  the  sum  of  the 
chances  of  his  taking  it  for  white,  for  yellow,  for  red,  and  the  rest 
of  the  m  colours.  Now  if  it  is  known  that  there  are  only  two 
colours  in  the  urn,  he  is  excluded  from  m— 2  of  the  m—\  possible 
mistakes,  but  we  have  no  reason  to  suppose  that  when  he  is  dis- 
posed to  mistake  black  for  red  for  example,  he  has  no  choice 
but  to  affirm  white  if  he  knows  that  red  is  not  present.  If  we 
know  nothing  further  about  the  case,  we  must  suppose  that  in 
all  such  instances  {i.  e.  where  he  mistakes  black  or  white  for  a 
colour  known  not  to  be  present)  he  has  no  reason  for  choosing 
either  black  or  white,  and  therefore  divides  his  assertions  equally 
between  them.    We  have  then  the  following  cases  : — 

Hypothesis. — He  affirms  white,  the  probability  of  which  is  js, 
and  his  credibility  a. 

Case  1.  He  believes  that  white  is  drawn,  and  it  is  so; 

chances  in  favour  of  this  supposition  =  ap. 

Case  2.  White  is  drawn,  and  he  mistakes  it  for  some  colour 
known  to  be  absent  j 

chances  =p z.  {\—a). 

m  —  1  ■ 

In  half  of  these  instances  he  affirms  black,  and  the  other  half 
white ;  hence 

chances  that  he  affirmswhite  on  this  supposition  =  (1  —  a)Pn « • 

Case  3.  Black  is  drawn,  and  he  mistakes  it  for  white ; 

chances  =  (1  —  c)  (1  —p) q— 

^         '^      ^'  m — 1 

Case  4.  Black  is  drawn,  and  he  mistakes  it  for  an  absent 
colour, 

m  — 2,,       , 

(i-i')S=T(i-'')' 

C2 
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iu  lialf  of  which  instances  he  affirms  white;  hence 

chances  that  white  is  affirmed  on  this  supposition 

=a-«)(i-rt|^,- 

On  the  whole,  therefore,  he  affirms  white  in 

„    ,  /I       N     m—2     ,  ,,       , ,-       .    m—2 

"''  +  <^  -"'^  2^^  +(!-«'  (1  -^)  3^^:12  '^'''' 

of  which  he  is  right  in  ap  +  {l  —  a)p  ^~_^  cases.      Hence  the 

probability  that  white  was  drawn  is 

m—2 


ap  +  {l  —  a)p 


2m  — 2 


,  ,,        >      m—2      ,,        .,,        ,    m — 2 


or  putting  «+  (1  —a)       _o=^^  ^^  ^^ 


op 


«P+(l-«)(l-i>) 
His  credibility  in  these  particular  circumstances,  therefore,  is 

not  a,  but  a.     When  m  is  considerable,  a  nearly  =  — ^r— ;  i.  e. 

the  odds  in  his  favour,  instead  of  a  to  \—a,  are  now  l  +  a  to 
1  —  a,  or  more  than  double. 

The  result  w'ill  be  the  same  if  we  introduce  the  supposition 
that  the  witness  intends  to  deceive,  since  the  motives  which 
usually  aflfect  his  veracity  cannot  be  supposed  to  operate  uni- 
formly in  favour  of  the  assertion  of  white  when  the  remaining 
colours  are  excluded.  Indeed  we  ought  rather  to  suppose  that 
in  the  absence  of  these  colours  a  proportionate  number  of  the 
motives  to  deception  disappears ;    so  that  if  his  veracity  be  v 

and  his  judgment  r,  he  now  affirms  white  truly  in  ap{\  —  v) 

cases,  in  which,  if  the  other  colours  were  present,  he  would  be 
induced  to  affirm  some  one  of  them  falsely. 

But  it  is  useless  to  pursue  this  hypothesis  any  further. 
Enough  has  been  said  to  show  that  it  is  altogether  unfit  to 
furnish  a  general  formula.  It  would  be  quite  as  reasonable  to 
neglect  the  probability  of  the  event,  and  limit  ourselves  to  that 
of  its  assertion,  as  to  neglect  the  latter  probability  altogether. 
The  general  formula  already  given  is  independent  of  any  hy- 
pothesis with  respect  to  the  knowledge  of  the  witness,  or  the 
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proportion  between  extraordinary  and  ordinary  events  in  general. 
It  maybe  stated  somewhat  differently  thus: — A  witness  whose 
credibility  is  a,  announces  an  event,  the  antecedent  probability 
of  which  is  p,  and  the  chance  of  its  being  announced  without 
reason  r ;  then  the  resultant  probability  is 

ap{l — r) 
«jo(i— r)  +  {l  —  a){l—p)r 

If  complete  generality  is  desired,  we  must  introduce  separately 
the  chances  of  the  witness  being  mistaken  k,  and  of  his  intending 
to  deceive/,  and  also  the  chances  of  the  event  being  invented  i, 
or  being  erroneously  supposed  to  have  happened  s.  It  may  be 
worth  while  to  exhibit  the  formula  in  this  shape.  It  is  obvious 
that  when  the  event  has  actually  happened,  it  may  or  may  not 
be  that  the  causes  which  would  lead  to  its  being  either  invented 
or  falsely  believed  have  also  existed,  i.  e.  jn  and  ps  are  possible 
cases.  This  consideration  simplifies  the  formula,  which  will  be 
found  to  give  for  the  resulting  probability  of  the  event  announced 

p\ii-f)a-k)+fki\ 

p{{i-fKi-k)+fki\+{i-p)\{i-f)ks+fi}' 

When  r=p,  the  probability  just  given  is  reduced  to  a,  and 
accordingly  it  frequently  happens  that,  although  the  event 
announced  is  extraordinary,  the  chances  of  fiction  or  mistake 
may  be  proportionately  small,  and  in  such  cases  we  are  satisfied 
with  ordinary  testimony. 

Mr.  J.  S.  Mill  has  some  useful  observations  on  Laplace's  for- 
mula in  the  chapter  on  the  "Grounds  of  Disbelief"  in  his 
'  System  of  Logic'  He  draws  attention  to  the  absolute  identity 
supposed  by  hypothesis  to  exist  between  the  99  black  balls, 
which  renders  the  case  unlike  that  of  real  events.  I  have  not 
referred  to  this,  because  in  fact  it  results  from  the  nature  of  the 
problem  to  be  solved,  in  which  we  compare  events  of  different 
degrees  of  antecedent  probability;  the  99  black  balls  are  not  in- 
tended to  represent  99  similar  events,  but  one  and  the  same 
event.  For  the  purposes  of  calculation,  the  chances  in  favour 
of  an  event  must  be  treated  as  representing  so  many  cases  of  its 
occurrence.  When  we  say  that  the  chances  are  9  to  1  in  favour 
of  a  certain  horse  A  beating  another  horse  B,  there  are  only  two 
events  conceivable,  and  only  two  sets  of  motives,  &c.  possible : 
we  do  not  conceive  A  as  made  up  of  9  parts,  each  having  an 
equal  chance  of  victory  with  B.  We  may  speak,  indeed,  of  10 
trials  in  which  A  will  win  9  times ;  but  in  each  trial  both  horses 
and  both  sets  of  motives  are  equally  present.  To  express  degrees 
of  probability,  then,  the  most  convenient  method  is  to  suppose 
a  proportionate  number  of  identical  events,  as  Laplace  has  done. 
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It  is  important,  however,  to  consider  that  testimony,  true  or 
false,  is  not  given  without  motives ;  and  therefore  it  may  seem 
more  proper  that  the  formula  should  represent  the  operation  of 
these.  Let  the  probability  of  the  event  be  jo;  the  probability 
that  its  occurrence  would  move  the  witness  to  announce  it  truly 
=  ^.  The  probability  of  the  event  not  happening  is  1—p;  let 
the  chances  that  its  non-occurrence  would  move  the  witness  to 
deny  it  truly  =d.     This  may  not  be  the  same  as  t. 

Now  let  the  chances  that  a  motive  to  lie  exists  be  a,  and  the 
chances  of  A^s  yielding  to  it  be  ^,  i.  e.  the  chances  of  his  lying 
=  uj>  —  v.  Then,  supposing  that  A  announces  the  event  p,  which 
is  one  of  the  possibilities : 

Either  the  event  occurs  and  moves  him  to  speak  the  truth, 
the  motives  to  lying  or  to  mistake  not  operating  =^pt{\—v). 

Or  the  event  does  not  occur,  which  non-occurrence  has  no  effect 
on  the  witness,  the  motives  to  lying  operating  —{\—p){\—d)  v; 
but  this  must  be  multiplied  by  the  chances  of  the  hypothesis, 
i.  e.  of  A  fixing  on  this  particular  event,  on  this  supposition, 

namely   — ,     This  gives 

{l-p){l-d)-- 

Resulting  probability  that  the  event  announced  has  occurred 

pt{\—v)    • 

pt{l-v)-\-{l-p){l-d)^ 

If  there  are  r  witnesses,  and  the  quantities  t,  d,  v  the  same  for 
aU,  we  have 

pr{\—vf 

pt\\-vy+{\-p){i-dY^^ 

In  this  formula  t  may  represent,  for  example,  the  interest 
which  the  witness  would  have  in  truly  reporting  the  event  if  it 
happened,  and  d  his  interest  in  truly  reporting  its  non-occurrence. 

The  case  of  arguments  conspiring  or  opposed  is  somewhat 
different  from  that  of  testimony;  since  an  argument  may  be 
fallacious,  and  yet  the  conclusion  true.  In  the  case  of  argu- 
ments establishing  the  same  conclusion  with  the  probability  «,  6, 
&c.  respectively,  the  resulting  probability  is  clearly 

l-{\-a){\-b)... 

If  two  arguments  are  opposed,  we  have  these  cases : 
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the  argument  a  is  invalid,  b  invalid  =fl(l— 6) ; 

a  invalid,  6  valid =6(1  — a); 

neither  is  valid    .     .     .     .     .     .     =(1— a)(l— 6); 

Sum     .     .      =1 — ah. 

Hence  the  probability  of  the  conclusion  to  which  a  leads 

_a{\-h) 
~   l-ab  ' 

Now  the  case  of  arguments  suggests  an  important  question. 
It  often  happens  that  when  a  proposition  has  been  established 
on  probable  evidence,  it  is  found  to  lead  to  a  further  inference 
which  admits  of  being  tested  directly  to  some  extent.  Thus  the 
proposition  A  may  assert  that  a  certain  narrative  is  the  work  of 
a  credible  witness,  and  B  that  a  particular  circumstance  contained 
in  it  is  true.  Oui*  hypothesis  is.  If  A  is  true,  B  is  true;  and 
from  this  we  infer  conversely.  If  B  is  false,  A  is  false.  Logically 
these  two  propositions  are  convertible ;  yet  there  lurks  a  great 
fallacy  in  the  inference  when  we  have  to  do,  not  with  certain,  but 
with  probable  propositions.  For  example,  if  the  truth  of  B  does 
not  follow  with  certainty  from  that  of  A,  wc  have  the  following 
cases  possible: — 

A  true  and  B  true ;  let  the  probability  of  this  be  \, 
A  true  and  B  false  ;  „  „  =  f^, 

A  false  and  B  true ;  „  „  =  v, 

A  false  and  B  false ;  „  „  =  p, 

where 

Then  if  A  is  true,  the  probability  that  B  is  true  is 

_     \ 
~\+fjb 

If  B  is  false,  the  probability  that  A  is  false  is 

_     P 
P  +  H- 

The  former  expression  represents  the  probability  of  the  state- 
ment. If  A  is  true,  B  is  true :  the  latter  that  of  the  converse.  If 
B  is  false,  A  is  false ;  and  it  appears  at  once  that  these  are  really 
independent.  Suppose  it  to  be  known  that  the  third  case  is 
impossible,  or  nearly  so,  i.  e.  v=0;  then,  in  order  to  determine 
the  probability  of  the  second  inference,  we  must  know  besides 
that  of  the  first,  the  absolute  probabihty  of  A  (or  B).  Let  the 
probability  of  A  be  v{=^\  +  fi) ;  then  the  probability  of  the  in- 
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ference  of  the  truth  of  B  from  that  of  A 

_\ 

and  that  of  the  converse 

_1     V 
"  l-X 

Let  us  analyze  the  problem  more  in  detail.   Suppose  the  pro- 
bability of  A  as  proved  directly 

the  probability  of  the  inference  by  which  B  is  deduced  from  A 

=  !/» 
and  the  probability  of  the  disproof  of  B=X,  where,  if  a^j,  x^, 
&c.  be  separate  arguments  against  B, 

x=i -(1-^0(1-^2)  •••• 

Then  calling  the  inference  C,  we  have  the  following  cases : — 
1.  A,  B,  and  C  all  true;  probability  wy{l  —  X.). 


2.  A  true,  B  and  C  false 

„              ■    w{l-7/)X. 

3.  A  and  B  true,  C  false 

w{l-y){l--X). 

4.  A  false,  B  and  C  true 

{l-tv)y{l-X). 

5.  A  and  B  false,  C  true 

{l-iv)yX. 

6.  A  and  C  false,  B  true 

(l-^^)(l-y)(l-X). 

7.  All  three  false 

{l-rv){l-y)X. 

Sum  =  1—wyX. 

the  only  supposition  which  is  necessarily  impossible  being,  that 
A  and  C  are  true,  and  B  false.      Hence  on  the  whole  the  pro- 

bability of  A 

w{l—yX) 

of  the  inference  C 

l-wyX  ' 

y{\  —  wX). 

ofB 

\-wyX  ' 



1-X 

1 — wyX 

The  odds  in  favour  of  A  are  w—wyX  to  1  — w;  that  is,  they  are 
diminished  in  proportion  to  the  strength  of  y  and  X  combined ; 
the  odds  in  favour  ofB  are  ]  —  X  to  X  —ivyX ;  these,  therefore, 
are  increased  similarly.  We  deduce  the  important  consequence 
that,  as  regards  the  evidence  of  A,  it  is  precisely  the  same  thing 
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whether  we  strengthen  the  arguments  or  objections  against  B, 
or  strengthen  the  force  of  the  inference  of  B  from  A.  If  it  be 
held  that  this  inference  is  certain,  i.  e.  that  y=l,  then  the  odds 
in  favour  of  A  are  w{l  —  X.)  tol  —  w,  and  every  argument  against 
B  tells  with  equal  force  against  A.  Let  us  take  a  numerical 
illustration. 

Let  w;  =  fo^o,  y=l  and  Xs^p^  j  then  wy'K.=^^^,  and  the 
probability  of  A  is  ]^1q?j,  i.  e.  the  odds  in  its  favour  are  less  than 
55  :  1.  With  this  value  of  y,  the  probability  of  A  cannot  be 
reduced  below  yVp  ^^^  value  when  X  =  ],  the  odds  being  then 
49i  to  1.  But  if  y=i^(),  then  ivyli  =  -f^^^j'fj,  and  the  odds  in 
favour  of  A  are  reduced  to  1881  to  1 00,  less  than  19  to  1 .  What- 
ever be  the  value  of  ?<;,  if  ?/  =  ^  and  X>^,  then  the  common 
denominator  is  <1— ;^w,  and  the  odds  in  favour  of  A  are  less 
than  |w  to  1  —  w.  Thus  if  7/  =  |,  and  X  =  f,  the  odds  are  only 
^w  to  1—w, 


IV.  Notes  on  Scientific  History.     By  John  Tyndall,  F.R.S.^ 

I. 
1.  ^^WO  years  ago,  in  a  Friday  evening  discourse  at  the  Royal 
J-  Institution t,  I  drew  attention  to  the  scientific  labours 
of  Dr.  Julius  Robert  Mayer,  and  since  that  time  the  knowledge 
of  his  writings  has  been  widely  diffused  by  the  publication  in 
English  of  four  of  the  five  memoirs  which  he  completed  before 
his  health  gave  way.  A  translation  of  Mayer's  first  paper  (date 
1842)  will  be  found  in  the  Philosophical  Magazine,  S.  4.  vol.  xxiv. 
p.  371.  A  resume  oi  this  paper,  written  by  myself,  appears  in  the 
Philosophical  Magazine,  S.4.vol.  xxv.  p.  378.  A  translation  of  his 
third  paper  (date  1848)  will  be  found  in  the  Philosophical  Maga- 
zine, S.  4.  vol.  xxv.  pp.  241,  387,  417.  A  translation  of  his 
fourth  paper  (date  1851)  in  the  Magazine,  S.4.  vol.  xxv.  p.  493. 
No  translation  of  his  second  paper  (date  1845)  has  yet  been 
published.  Circumstances  have  recently  compelled  me  to  refer 
to  this  Essay ;  and  pending  its  full  translation,  I  would  ask  per- 
mission to  make  such  a  resume  of  its  contents  as  will  give  the 
readers  of  this  journal  some  notion  of  its  merits.  The  extracts 
will  show  the  relationship  of  its  author  to  other  writers  with  whom 
he  has  been  recently  compared.  From  tlie  works  of  these  writers, 
moreover,  I  shall  extract  the  portions  on  which  their  claims 
mainly  rest,  and  thus  the  public  will  be  enabled  to  form  an  in- 
dependent estimate  of  this  passage  in  scientific  history. 

*  Communicated  by  the  Author. 

t  Proceedings  of  the  Royal  Institution,  June  1862.    Phil.  Mag.  vol.  xxiv. 
p.  57. 
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3.  Mayer  was  led  from  the  contemplation  of  organic  nature  to 
the  publication  of  his  first  paper  "  On  the  Forces  of  Inorganic 
Nature."  An  observation  made  in  1840,  on  the  blood  of  a 
patient  in  a  tropical  climate,  was  the  origin  of  his  scientific 
writings.  It  led  him  to  the  consideration  of  those  physical 
forces  on  which  the  phenomena  of  vitality  depend.  This,  if  the 
laws  of  life  were  ever  to  become  amenable  to  scientific  investi- 
gation, he  knew  must  be  his  starting-point.  The  paper  now 
under  consideration  may  be  broadly  divided  into  two  parts,  in 
the  first  of  which  he  deals  with  the  law  of  the  conservation  of 
energy*  as  it  manifests  itself  in  inorganic  nature,  and  in  the 
second  of  which  he  applies  the  law  to  the  phenomena  of  life. 

3.  At  the  outset  of  this  paper  he  announces,  as  he  had  pre- 
viously done  in  that  of  1842,  the  indestructibility  of  force,  its 
convertibility,  and  its  quantitative  constancy.  Chemistry,  he 
says,  teaches  the  qualitative  changes  which  matter  undergoes 
under  different  circumstances,  the  form  of  the  matter  and  not 
its  amount  being  changed.  What  chemistry  does  for  matter, 
physics  must  do  for  force;  the  force  is  as  unalterable  as  the 
matter,  and  the  function  of  physics  is  to  study  force  in  its  forms, 
and  to  ascertain  the  conditions  of  its  metamorphoses.  This  is 
the  sole  problem  with  which  natural  philosophy  has  any  concern ; 
for  as  to  the  creation  or  annihilation  of  force,  either  act  lies  as 
much  beyond  the  range  of  human  thought  as  of  human  power. 

4.  For  thousands  of  years  men  have  employed  the  powers  of 
inorganic  nature  to  obtain  mechanical  effects.  But  to  the  forces 
of  moving  air  and  of  falling  water  a  new  force  has  been  added 
in  modern  times — the  force  of  heat,  which  may  be  converted 
into  mechanical  effect.  Supposing  that  to  a  train  weighing 
100,000  lbs.  a  velocity  of  30  feet  a  second  is  to  be  imparted ; 
this  may  be  done  by  the  expenditure  of  ordinary  mechanical 
force — by  permitting,  for  example,  the  train  to  roll  down  an 
incline  until  the  required  velocity  has  been  obtained.  Trains, 
however,  in  general  move  without  this  exercise  of  gravitating 
force,  and,  despite  the  friction  of  their  parts,  they  are  kept  in 
motion.  Let  this  friction  be  supposed  equivalent  to  a  rise  of  1 
in  150,  then  with  a  velocity  of  30  feet  a  second  the  weight  of 
the  train  will  be  lifted  720  feet  in  an  hour,  which  corresponds 
to  the  work  of  about  forty-five  horses.  This  large  quantity  of  ge- 
nerated motion  implies  the  expenditure  of  an  equal  amount  of 
force.    The  force  expended  in  the  case  of  the  locomotive  is  heat. 

The  quantity  of  heat  taken  up  by  the  steam  employed  to 
work  the  engine  is  greater  than  that  which  can  be  obtained  from 
the  recondensation  of  the  steam.     The  difference  between  both 

*  Rankine's  terminology. 
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is  the  heat  usefully  applied ;  that  is  to  say,  this  difference  ex- 
presses the  heat  which  has  been  converted  into  mechanical  effect. 
The  more  perfect  the  machine,  the  less  will  be  the  amount  of 
heat  obtainable  from  the  condensation  of  the  steam.  The  best 
engines  give  a  difference  of  about  5  per  cent. ;  that  is  to  say, 
100  lbs.  of  coal,  burnt  in  such  a  machine,  give  no  more  heat 
than  95  lbs.  which  are  burnt  without  doing  any  work. 

(Considering  the  sort  of  criticism  to  which  he  has  been  re- 
peatedly subjected*,  the  manner  in  which  Mayer  establishes  the 
result  last  mentioned  is  worthy  of  particular  attention.  It 
will  be  observed  that  he  deliberately  chooses  a  substance  which 
experiment  proves  to  be  suited  to  his  purpose — a  substance, 
that  is,  in  which  the  whole  of  the  heat  rendered  latent  is  consumed 
in  exterio?'  work.) 

5.  To  prove  this  important  proposition,  we  must  investigate 
the  relationship  of  elastic  fluids  to  heat  and  to  mechanical  work. 
Gay-Lussac  has  proved  by  experiment,  that  when  an  elastic 
fluid  passes  from  one  vessel  into  a  second  one  of  the  same  size, 
but  exhausted,  the  vessel  from  which  the  elastic  fluid  issues  is 
cooled,  while  that  into  which  it  enters  is  warmed  by  exactly  the. 
same  number  of  degrees.  This  experiment,  which  is  distin- 
guished for  its  simplicity,  shows  that  a  given  weight  and  volume 
of  an  elastic  fluid  may  expand  to  double,  quadruple,  &c.  of  its 
previous  volume  without  experiencing  any  change  of  temperature, 
or,  in  other  words,  that  for  the  simple  expansion  of  the  gas 
no  expenditure  of  heat  is  necessary. 

6.  Let  a  cubic  inch  of  air  at  0°t  and  under  a  pressure  of  28 
inches  of  mercury,  be  heated  to  274°,  and  let  the  quantity  of  heat 
required  to  warm  the  air  be  x.  When  it  streams  into  another 
exhausted  recipient  of  the  same  volume,  the  air  will  retain  its 
temperature  of  274°;  the  medium  surrounding  the  vessels  will 
undergo  no  change  of  temperature.  Again,  let  a  cubic  inch  of 
air,  not  at  constant  volume  but  under  a  constant  pressure  of  28 
inches  of  mercury,  be  heated  from  0°  to  274°,  a  greater  quantity 
of  heat  is  now  needed  than  before :  let  the  quantity  be  x  +  y. 
If  the  air  be  permitted  to  cool  in  the  two  cases,  it  will  give  back 
the  heat  communicated  to  it.  The  air  which  is  not  followed  by 
a  pressure  will,  on  cooling  from  274°  to  0°,  give  out  the  heat  x; 
that  which  cools  under  a  constant  pressure  will  yield  the  heat 
x  +  y. 

7.  Steam  in  the  engine,  where  it  expands  under  the  piston, 

*  As  an  example,  see  '  Good  Words,'  October  1862,  p.  604,  note : — 
"  Mayer's  statements  imply  its  indiscriminate  application  to  all  bodies  in 
nature,  whether  gaseous,  liquid,  or  sohd."  Not  what  Mayer's  words 
"  imply,"  but  what  they  are  is  stated  in  the  text. 

t  All  through  his  papers  Mayer  uses  Centigrade  degrees. 
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behaves  like  the  air  under  constant  pressure.  The  heat  neces- 
sary to  the  expansion  of  the  steam  is  X  +  Y.  When  the  steam 
is  cooled,  the  pressure  of  the  piston  is  absent,  or  it  is  exercised 
in  a  greatly  diminished  degree :  hence,  in  cooling,  the  heat 
given  out  will  be  X.  With  every  stroke  of  the  piston,  there- 
fore, there  is  the  loss  of  heat  Y ;  that  is  to  say,  with  the  action 
of  the  engine  a  consumption  of  heat  is  inseparable/  connected. 

8.  From  the  quantity  of  fuel  consumed  in  an  engine,  the 
total  expenditure  of  heat  may  be  calculated.  The  loss  by  radia- 
tion, transmission,  and  convection  being  subtracted,  the  re- 
mainder is  the  usefully  applied  heat.  As,  however,  by  far  the 
greater  part  of  the  unused  heat  can  be  but  roughly  estimated, 
only  an  approximate  result  can  be  thus  obtained.  More  sharply 
and  more  simply  the  problem  may  be  solved  by  calculating  the 
quantity  of  heat  rendered  latent  when  a  gas  expands  under  pres- 
sure. Let  the  amount  required  to  heat  a  gas  at  constant  volume 
1°  be  a? ;  to  produce  the  same  elevation  of  temperature  under 
constant  pressure  the  heat  necessary  will  be  x  +  y.  Let  the 
weight  raised  in  the  latter  case  be  P,  and  the  height  to  which  it 
is  raised  h ;  then  we  have 

y=PxA. 

A  cubic  centimetre  of  atmospheric  air  at  0°  and  76  millims. 
barometric  pressure  weighs  0*0013  of  a  gramme;  warmed  1° 
under  constant  pressure,  it  expands  2J4th  of  its  volume,  and 
lifts  a  mercuiy  column  76  centimetres  long  and  of  a  square  cen- 
timetre basis  to  a  height  of  274th  of  a  centimetre. 

The  weight  of  this  column  is  1033  grammes;  the  specific 
heat  of  air,  according  to  De  la  Roche  and  Berard,  is  0-267 ; 
hence  the  heat  communicated  to  our  cubic  centimetre  of  air  in 
order  to  raise  its  temperature  1°  is  equal  to  that  which  would 
raise  the  temperature  of  00013  x  0-267  =  0'000347  of  a  gramme 
of  water  1°. 

According  to  Dulong,  the  specific  heat  at  constant  pressure  is 
to  that  at  constant  volume  as  1*421  : 1 ;  therefore  the  quantity 
required  to  raise  the  temperature  of  our  cubic  centimetre  of  air 
at  constant  volume  1°  would  be  sufficient  to  heat 

1-421 

of  a  gramme  of  water  1°. 

Hence  the  difference  {x-\-y)—x,  or 

2/ = 0-000347  -0-000244= 0-000103 

thermal  units,  by  which  a  weight  P=1033  grammes  is  raised  to 
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a  height  =^ji^th  of  a  centimetre.  Reducing  these  numbers, 
we  find 

1  thermal  unit  (1  gramme  of  water  heated  1°  C)  =  1  gramme 

•    J  i.       I-  •  i,i.    rT  ^^'^  metres 
raised  to  a  height  of^^^go  p^,.  f^^^^ 

This  is  Mayer's  calculation  of  the  mechanical  equivalent  of 
heat.  He  first  published  the  result  in  1842,  making  use  of  the 
specific  heat  of  air  as  determined  by  De  la  Roche  and  Berai'd. 
Substituting  for  it  the  subsequent  and  more  accurate  determina- 
tion of  M.  Regnault,  and  changing  in  no  particular  the  method 
of  calculation,  Mayer's  equivalent,  instead  of  367,  becomes  426 
kilogram  metres ;  Joule's  equivalent  is  425. 

II. 

It  has  been  many  times  affirmed  that,  in  the  calculation  of 
the  mechanical  equivalent  of  heat,  M.  Seguin  had  anticipated 
Dr.  Mayer  by  three  years — that  he  had,  in  fact,  pursued  the 
same  method  and  published  the  "  same  result."  M.  Seguin's 
book  is  in  but  few  hands ;  I  shall  therefore  give,  in  his  own 
language,  the  details  of  his  calculation*. 

9.  "  Supposons  done  que  I'on  ait  renferme  dans  un  cylindre 
ABCD,  ayant  un  metre  de  section,  un  metre  cube  de  vapeur 
h.  100°,  et  que  cette  vapeur  soit  contenue  par  un  piston  CD,  dont 
le  poids  equivaut  ;\  un  kilogramme  par  centimetre  carre,  et 
derriere  lequel  on  a  fait  le  vide;  ce  qui  represente,  k  peu  de 
chose  pres,  une  pression  egale  a  celle  que  I'atmosphere  exerce  sur 
tons  les  corps  au  niveau  de  la  mer.  L'appareil,  d'ailleurs,  etant 
dispose  de  telle  sorte  qu'il  ne  puisse  ni  ceder  ni  recevoir  du 
dehors  aucune  portion  de  calorique. 

10.  "  Si  Ton  augmente  la  charge  du  piston  CD,  en  y  ajoutaut 
successivement  des  poids  pour  comprimer  la  vapeur,  jusqu'il  ce 
que  sa  temperature  se  soit  elevee  de  20°,  son  ressort  fera  alors 
equilibre  a  une  pression  de  2  kil.  par  centimetre  carre ;  et,  con- 
siderant  que  son  volume  augmente  de  0"00375  de  ce  qu'il  etait 
Jl  100°  par  chaque  degr^  de  temperature,  I'espace  ABFE  qu'elle 
occupera  sera  exprime  par 

1  +  1x20x000375     ^  .o-^^ 
=  0o375. 

On  pourra  done  considerer  I'eflfet  comme  sensiblement  represente 
par  la  moyenne  de  toutes  les  pressions  exercees  par  la  vapeur 
depuis  DC  jusqu'en  EF  multipliee  par  I'espace  parcouru  DE. 

11.  *'La  pression  etant  de  1  kil.  en  DC  et  de  2  kil.  en  EF, 

*  Sur  Vlnfiuence  des  Chemins  de  Fer  (Paris,  1839),  pp,  385-389  inclusive. 
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et  croissant  en  progression  geomdtrique,  en  designant  par  S  la 
somme  des  termes,  par  n  le  nombre  des  termes,  le  dernier,  a  le 
premier,  et  q  la  raison,  P  la  pression  moyennej  faisant  w=100, 
ce  qui  suffit  pour  obtenir  une  valeur  de  P  assez  approchee,  et 
observant  que  la  valeur  de  /  ou  la  pression  de  la  vapeur  en  EF, 
est  egale  k  2  kil.  par  centimetre  carre,  et  celle  de  a  qui  se  rap- 
porte  h.  CD,  egale  k  1  kil.,  nous  aurons  pour  determiner  q 

l=aq''-\     9  =  ^^^=1-007, 

a{qn-\)  _\{\mV^-l) 
«(?-!)  "100(1-007-1) 

Multipliant  cette  valeur  par  l^espace  DE  parcouru  par  le  piston, 
cgal  a  AD -AE  =  1-0-5375  =  0-4625  et  par  10,000  qui  repr^- 
sente  le  nombre  de  centimetres  carres  contenus  dans  un  metre 
carre,  on  obtieut 

1-43 X 0-4625x10,000  =  6613  kil.; 

ce  qui  nous  indique  que  Feffet  theorique  obtenu  par  la  detente 
d'un  metre  cube  de  vapeur  comprimee  par  un  poids  de  2  kil. 
par  centimetre  carre,  qu'on  laisse  repandre  dans  un  espace  qui 
repond  }\  une  pression  de  1  kil.  et  a  un  abaissement  de  tempera- 
ture de  20°,  est  represente  par  un  poids  de  6-613  kil.  eleve  k 
un  metre,  ou  par  6°-613. 

12.  "  En  faisant  un  calcul  analogue  pour  connaitre  les  espaces 
qu'occupe  la  vapeur,  lorsqu'on  augniente  sa  pression  de  maniere 
h.  faire  elever  sa  temperature  de  20  en  20  degres,  on  trouvera 

"  1.  Que  pour  140°  la  pression  en  GH  =  3>^ii-61, 

ABHG=l±I^^^2i5:50?L5  =  0-319. 

GE  =  0-537-0-319=0'^-218;     P=2kii'83; 
et  pour  I'eflfet  total, 

2-83  X  0-218  X  10,000=6170  kil. 
"3.  Pour  160°  la  pression  en  IK  6^11-15, 

ABKI  =  l±i2^-?5il»02§Z5=o»199, 
6*15 

IG=0-319-0-199  =  0'^-120,     P  =  4»^-82; 

et  pour  I'effet  total, 

4-82  X  0-128  X  10,000= 5780  kil. 

"3.  Enfin,  pour  180°  la  pression  LM  =  9'^-93, 

y-yo 
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LI  =  0-199-0-131  =  0i^-068,     P  =  8kii-00; 
et  pour  I'effet  totals 

8-00  X  0-068  X  10,000  =5440  kil. 

13.  "  Si  nous  supposons  ensuite  que  lorsque  la  vapeur  pousse 
le  piston  devant  elle,  et  que  la  chaudiere  est  en  communication 
avec  le  cylindre,  sa  temperature  s^abaisse  d^une  quantite  propor- 
tionnelle  a  I'eflFet  dynamique  produit,  nous  trouverons  que  la 
vapeur  s'introduisant  dans  le  cylindre  k  100°,  et  perdant  20° 
pendant  le  mouvement  du  piston,  la  temperature,  k  la  fin  de  la 
course,  sera  de  80°,  et  la  pression  de  0^*485.  La  pression 
moyenne  Oi^^-727.     Soit  pour  Feflfet  total, 

0-727  X  1  X  10,000=7270  kil., 

valeur  qui  se  trouve  ^  peu  pres  classee  suivant  la  meme  loi  que 
les  autres  quautites  auxquelles  nous  sommes  parvenus,  en  consi- 
derant  I'efi^et  produit  par  la  vapeur  k  des  temperatures  et  k  des 
pressions  plus  elevees. 

14.  "En  reunissant  tons  ces  resultats,  et  en  les  comparant  k 
^elevation  de  temperature  qui  leur  correspond,  nous  formerons 
le  tableau  suivant : — 


Pressions  en 
kilogrammes. 

Temperatures 
r^eUes. 

Effet  produit 
en  kilogram- 
mes eiev^s  k 
1  m&tre. 

Differences. 

Temperatures 

correspon- 

dantcs  k  I'effet 

produit. 

Differences. 

0-48 

2 

3-61 
615 
9-93 

80 
100 
120 
140 
160 
180 

7270 
6613 
6170 

5780 
5540 

20 

18-20 

16-97 

15-90 

15-24 

1-80 
1-23 
107 
0-66  " 

657 
443 
390 
240 

15.  We  have  now  the  means  of  comparing  Seguin^s  alleged  cal- 
culation of  the  mechanical  equivalent  of  heat  with  that  of  Mayer. 
With  reference  to  the  foregoing  Table,  Mr.  Joule  writes  thus  (Phil. 
Mag.  August  1862) :— "In  page  389  he  [M.  Seguin]  gives  a 
Table  of  the  quantity  of  mechanical  eflfect  produced  corresponding 
to  the  loss  of  temperature  of  steam  on  expanding.  From  this  it 
appears  that  1°  Cent,  corresponds  with  363  kilogrammes  raised 

to  the  height  of  1  metre Mayer  discourses  to  the  same 

effect  as  Seguin,  but  at  greater  length,  with  greater  perspicuity, 
and  more  copious  illustration.  He  adopts  the  same  hypothesis 
as  the  latter  philosopher,  viz.  that  the  heat  evolved  on  compress- 
ing an  elastic  fluid  is  exactly  the  equivalent  of  the  compressing 
force,  and  thus  arrives  at  the  same  equivalent,  viz.  365  kilo- 
grammes per  1°  Cent." 
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16.  In  the  Philosophical  Magazine  for  April  1863,  Prof. 
"William  Thomson  of  Glasgow,  and  Prof.  Tait  of  Edinburgh, 
express  themselves  thus: — "Does  Prof.  Tyndall  know  that 
Mayer's  paper  has  no  claims  to  novelty  or  correctness  at  all, 
saving  this,  that  by  a  lucky  chance  he  got  an  approximation  to  a 
true  result  from  an  utterly  false  analogy;  and  that  even  on  this 
point  he  had  been  anticipated  by  Seguin,  who,  three  years  before 
the  appearance  of  Mayer's  paper,  had  obtained  and  published  the 
same  result  from  the  same  hypothesis."  I  have  nowhere  in  this 
paper  inti-oduced  italics  into  quotations;  wherever  they  occur 
they  are  in  the  original. 

17.  And  in  reference  to  the  same  subject,  a  more  recent 
anonymous  northern  writer*  expresses  hjmself  thus :  —  "Of 
Seguin  and  Mayer,  it  seems  not  very  difficult  to  estimate  the 
claims,  so  far  as  the  true  theory  or  the  mechanical  equivalent  of 
heat  is  concerned.  Seguin  in  1839,  and  Mayer  in  1842,  gave 
as  values  of  the  mechanical  equivalent :  the  first  363  kilogram- 
metres,  or,  in  terms  of  the  ordinary  British  units,  660  foot- 
pounds ;  the  second  the  almost  identical  number  365  or  663. 
It  is  curious  also  to  observe  that  the  methods  employed  are 
almost  identical." 

18.  Did  the  reputation  of  Dr.  ]\Iayer  depend  on  his  calculation 
of  the  mechanical  equivalent  of  heat,  and  were  the  statements  here 
quoted  correct,  his  right  to  the  recognition  which  I  have  thought 
his  due  might  fairly  be  questioned.  But  let  us  inquire  whether 
this  is  really  the  case.  The  Table  on  which  the  claim  for  M. 
Seguin  is  founded  is  now  before  the  reader ;  and  on  referring  to  it, 
two  columns  will  be  seen,  the  one  headed  "  EfFet  produit  en  kilo- 
grammes eleves  a  1  metre,"  and  the  other  headed  "  Temperatures 
correspondantes  h  I'effet  produit."  The  first  number  in  the  first  of 
these  columns  is  7270  kilogrammetres,  and  the  "temperature  cor- 
respoudante"  is  20  degrees.  Hence,  dividing  7270  by  20,  we  have 
the  quotient  363  as  the  number  of  kilogrammetres  corresponding 
to  a  single  degree.  And  so  of  the  other  pairs  of  numbers,  which 
give  363,  or  thereabouts,  as  the  mechanical  eflFect  due  to  a  single 
degree.  All  this  seems  very  plain ;  and  did  no  text  accompany 
the  Table,  and  had  not  M.  Seguin  in  that  text  explicitly  defined 
his  own  terms,  we  might  be  justified  in  assuming  that  he  meant 
the  number  363  to  stand  for  the  mechanical  equivalent  of  heat, 
in  the  same  sense  as  Dr.  Mayer  meant  the  number  365  to  stand 
for  it.  It  is  only  necessary,  however,  to  read  the  foi-egoing  pages 
to  see  that  Mayer  and  Svguin  are  speaking  of  two  totally  different 
things ;  that  the  degrees  of  the  one  are  not  the  degrees  of  the  other ; 
that  the  "  temperatures  correspondantes  "  of  the  latter,  which  refer 

*  Not  my  Edinburgh  reviewer,  who,  while  he  writes  as  a  critic,  knows  how 
to  preserve  the  style  of  a  gentleman. 
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to  his  compressed  steam,  are  not  thermal  units  at  all,  and  that  there 
is  lio  determination  whatever  of  the  mechanical  equivalent  of  heat 
in  the  above  Table. 

19.  The  number  363  has  been  found  for  M.  Seguin,  not  by 
him :  he  never  made  the  division  which  results  in  this  quotient. 
In  1847,  for  the  first  time,  and  without  giving  any  description  of 
his  method  *,  M.  Seguin  gives  his  results  "  reduced  to  the  type 
of  1  gramme  elevated  1  metre,  and  corrected  with  reference  to 
the  specific  heat  of  water  and  vapour."  His  equivalent  there 
given  varies  from  395  to  529  kilogrammetres  {Cornptes  Rendus, 
vol.  XXV.  p.  420).  The  data,  moreover,  on  which  M.  Seguin 
founded  this  last  calculation  were  subsequently  declared  erro- 
neous by  himself:  the  experiments  of  M.  Hegnault,  he  states, 
"defeated  the  calculations"  {Cosmos,  vol.  vi.  p.  684);  and  Mr. 
Grove  has  shown  that  when  the  correct  specific  heat  of  steam,  as 
determined  by  Regnault,  is  introduced  into  the  calculations,  M. 
Seguin^s  equivalent  becomes  1666  kilogrammetres  instead  of  363 
(Proceedings  of  the  Royal  Institution,  vol.  ii.  p.  155).  We  have 
already  seen  that  in  Mayer's  case,  when  the  correct  specific  heat 
of  air  is  employed,  his  result  is  almost  identical  with  that  derived 
from  the  mean  of  all  the  best  experiments  of  Mr.  Joule.  The 
one  is  426,  the  other  is  425  f. 

III. 

20.  After  going  formally  through  the  calculation  of  the  me- 
chanical equivalent  of  heat,  Mayer  proceeds  to  determine  the 
useful  effect  in  steam-engines,  and  finds  it  to  be  about  5  per 
cent,  of  the  consumed  fuel.     He  then   determines  the  useful 

*  Such  a  description  would  be  a  desirable  addition  to  our  knowledge. 

t  I  have  already  drawn  attention  to  these  facts  (Phil.  Mag.  vol.  xxv. 
p.  386),  but  have  been  met,  not  by  explanation,  but  by  iteration.  This,  I 
trust,  will  now  cease.  It  is  no  compliment  to  the  scientific  public  to  think 
that  mere  hardihood  of  assertion  can  decide  this  question. 

To  illustrate  the  (^ifficulty  of  satisfying  rival  claimants,  I  may  remark 
that  in  1862 1  withdrew  the  name  of  Dr.  Mayer  from  the  list  of  candidates 
for  the  Copley  medal,  out  of  deference  to  an  eminent  man — 7iof  Mr-  Joule — 
who  thought  his  own  claims  prior  to  those  of  Mayer.  What  I  have  had 
to  endure  at  the  hands  of  two  northern  critics  for  my  supposed  depre- 
ciation and  suppression  of  the  claims  of  Mr.  Joule  is  at  least  partially 
known  to  the  scientific  public.  Again,  a  writer  in  M.  Seguin's  periodical, 
Jje  Cosnios,  while  declaring  that  Mr.  Joule  must  be  entirely  put  aside,  the 
question  of  priority  resting  solely  between  Se'guin  and  Mayer,  charges  me 
with  having  manifested  a  wholly  insufficient  appreciation  of  M.  Seguin. 
T  should  be  a  mere  intellectual  quicksand  if  I  allowed  myself  to  be  swayed 
by  such  criticisms.  I  have,  judging  from  the  facts,  steered  through  these 
rival  claims  with  the  best  light  that  I  possess,  and  not  one  of  my  censors 
appears  to  have  gone  to  one-tenth  of  the  trouble  that  I  have  incurred  to 
inform  myself  of  the  rights  of  the  question. 

Phil.  Mag,  S.  4.  Vol.  28.  No.  186.  July  1864.  D 
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eflfect  in  the  case  of  gunpowder,  and  finds  in  certain  cases  that 
9  per  cent,  of  the  force  of  the  consumed  charcoal  is  expended  on 
the  projectile.  He  gives  various  illustrations  of  the  generation 
of  heat  by  mechanical  power,  and  describes  some  observations  of 
his  own,  made  in  a  paper-mill,  in  which  were  four  pulping 
machines,  each  containing  about  80  lbs.  of  paper  and  1200  lbs. 
of  water.  The  surrounding  temperature  being  15°  C,  the  pulp 
rose  in  thirty-two  minutes  from  14°  to  16°.  The  highest  observed 
temperature,  which  remained  uniform  for  several  hours,  was  30**. 
Assuming  that  in  one  minute  a  horse  can  raise  27,000  lbs.  a  foot 
high,  the  heating  of  1280  lbs.  of  water  1  degree  in  sixteen  minutes 
(not  taking  into  account  the  heat  communicated  to  the  apparatus) 
is  equivalent  to  3"16-horse  power.  The  estimate  in  the  factory 
was,  that  the  pulping  machines  were  worked  with  5-horse  power. 
Does  the  mechanical  action  of  the  five  horses  become  nothing  in 
the  machine  ?     Fact  replies,  it  becomes  heat. 

21.  He  then  goes  on  to  show  the  relationship  of  mechanical 
work  to  electricity  and  magnetism,  and  passes  to  the  con- 
sideration of  chemical  processes  as  compared  with  mechanical 
operations.  A  weight  at  such  a  distance  from  the  earth  that 
the  attraction  is  insensible,  he  regardsas  in  a  state  of  mecAanica/ 
separation ;  the  falling  of  the  weight  to  the  earth  as  a  case  of 
mechanical  combination.  Such  a  weight  would  reach  the  earth's 
surface  with  a  velocity  of  34,440  feet  a  second,  and  the  heat 
generated  by  its  collision  would  raise  the  temperature  of  an 
equal  weight  of  water  17,356°.  Chemical  combination  is  in 
principle  the  same.  The  chemical  combination  of  1  gramme  of 
carbon  and  2*6  grammes  of  oxygen  is  equivalent  to  the  mechani- 
cal combination  of  a  weight  of  ^  a  gramme  with  the  earth.  The 
chemical  combination  of  1  gramme  of  hydrogen  with  8  grammes 
of  oxygen  is  equivalent  to  the  mechanical  combination  of  a  weight 
of  2  grammes  with  the  earth.  The  heat  here  developed  is  equal 
to  34,700  thermal  units*. 

*  In  1843  Mr.  Joule  wrote  the  following  remarkable  passage : — "I  had 
before  endeavoured  to  prove  that  when  two  atoms  combine  together,  the 
heat  evolved  is  exactly  that  which  would  have  been  evolved  by  the  electric 
current  due  to  the  chemical  action  taking  place,  and  is  therefore  propor- 
tional to  the  chemical  force  causing  them  to  combine.  I  now  venture  to 
state  more  explicitly  that  it  is  not  precisely  the  attraction  of  affinity,  but 
rather  the  mechanical  force  expended  by  the  atoms  in  falling  towards  one 
another,  which  determines  the  intensity  of  the  current,  and  consequently 
the  heat  evolved"  (Phil.  Mag.  1843,  vol.  xxiii.  p.  442).  I  cite  this  as  one 
of  the  points  of  osculation  between  these  two  remarkable  men.  They 
thus  touched  each  other  repeatedly,  Joule  being  in  advance  sometimes, 
and  Mayer  sometimes.  But  their  main  achievements  lie  in  distinct  fields  ; 
and  these  are,  in  my  opinion,  so  balanced  as  to  render  them  a  kind  of 
"  double  star,  the  light  of  each  being,  in  a  certain  sense,  complementary 
to  that  of  the  other."    (Phil.  Mag.  S.  4.  vol.  xxvi.  p.  67.) 
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The  manner  in  which  Mayer  expands  his  conceptions  from 
the  union  of  atoms  to  the  union  of  worlds  is  a  remarkable  illus- 
tration of  his  generalizing  power.  After  discoursing  thus,  he 
goes  on  to  say  : — 

22.  "  The  earth  moves  in  its  orbit  with  a  mean  velocity  of 
93,700'.  To  produce  this  motion  by  the  combustion  of  coal, 
fifteen  times  the  earth's  weight  of  coal  would  have  to  be 
consumed,  and  the  heat  produced  would  be  competent  to  raise 
the  temperature  of  a  quantity  of  water  equal  to  the  earth  in 
weight  128,000°.  A  small  portion  therefore  of  the  force  with 
which  the  earth  moves  in  its  orbit  would  suffice  to  dissolve  all 
mechanical  connexion  among  its  parts.  Supposing  a  mass  equal 
to  the  earth  in  weight  to  lie  at  rest  on  the  surface  of  the  sun, 
to  raise  that  mass,  place  it  at  the  earth's  distance  from  the  sun 
(215  times  the  sun's  radius),  and  to  impart  to  it  there  the  velo- 
city of  93,700',  would  require  429  times  the  above  quantity  of  coal, 
or  a  quantity  6435  times  the  weight  of  the  earth." 

23.  (In  a  letter  published  in  the  Philosophical  Magazine  for 
August  1862  Mr.  Joule  writes  as  follows  : — "  In  1847,  in  a  popular 
lecture  published  in  the  '  Manchester  Courier,'  I  explained  the 
phenomena  of  shooting- stars,  and  also  stated  that  the  effect  of 
the  earth  falling  into  the  sun  would  be  to  increase  the  tempera- 
ture of  that  luminary."  The  foregoing  passage,  giving  the 
amount  of  the  heat  that  would  result  from  the  falling  of  the 
earth  into  the  sun,  was  published  by  Mayer  in  1845  *.) 

24.  Mayer  next  briefly  considers  the  case  of  the  voltaic  battery 
and  the  gas  battery.  He  then  draws  out  a  scheme  of  the  five 
principal  forms  of  energy  which  he  has  been  examining,  and 
under  tive-and-twenty  separate  heads  he  states  their  relations  and 
mutual  conversions.  "  Preconceived  notions,"  he  says,  "  sanc- 
tioned by  time  and  diffusion,  and  not  the  phenomena  of  Nature, 
are  opposed  to  the  propositions  here  laid  down.  While,"  he 
adds,  "we  ascribe  substantiality  to  motion,  we  must  entirely 
deny  materiality  to  heat  and  electricity.  I  know  quite  well 
that  we  have  against  us  here  the  most  deeply  rooted  convic- 
tions— hypotheses  canonized  by  the  greatest  authorities.  With 
the  theory  of  imponderables  we  banish  from  science  the  last 
remains  of  the  mythology  of  Greece  ;  but  we  know  that  Nature 
in  her  simple  truth  transcends  in  glory  the  devices  of  the  human 
phantasy,  as  much  as  she  excels  the  operations  of  the  human 
hand." 

*  It  has  been  said  that  in  the  application  of  the  dynamical  theory  of 
heat  to  shooting-stars,  "and  some  other  points  of  celestial  dynamics," 
Mr.  Joule  had  "at  least  one  year's  priority."  (Phil.  Mag.  vol.  xxv.  p. 431.) 
The  "  some  other  points  "  shrink,  if  I  mistake  not,  to  the  point  referred  to 
in  the  text,  and  the  year's  priority  is,  in  reality,  two  years'  posteriority. 
Mr,  Joule's  remarks  on  shooting-stars  shall  be  quoted  fui'ther  on. 
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IV. 

Having  cleared  his  way  through  the  powers  of  inorganic 
nature,  he  turns  to  vital  phenomena,  and  at  once  fixes  ^lie 
attention  of  his  readers  upon  the  sun. 

25.  Measured  by  human  standards,  the  sun  is  an  inexhaust- 
ible source  of  physical  energy.  This  is  the  continually  wound- 
up spring  which  is  the  source  of  all  terrestrial  activity.  The  vast 
amount  of  force  sent  by  the  earth  into  space  in  the  form  of  wave 
motion  would  soon  bring  its  surface  to  the  temperature  of  death. 
■But  the  light  of  the  sun  is  an  incessant  compensation.  It  is  the 
sun's  light,  converted  into  heat,  which  sets  our  atmosphere  in 
motion,  which  raises  the  water  into  clouds,  and  thus  causes  the 
rivers  to  flow*.  The  heat  developed  by  friction  in  the  wheels  of 
our  wind-  and  water-mills  was  sent  from  the  sun  to  the  earth  in 
the  form  of  vibratory  motion. 

(The  reader  cannot  fail  to  remark  the  insight  implied  in  tbi? 
^ast  utterance.  But  a  still  higher  order  of  thought  immediately 
Reveals  itself.) 

26.  Nature  has  proposed  to  herself  the  task  of  storing  up  the 
light  which  streams  earthward  from  the  sun — of  converting  the 
most  volatile  of  all  powers  into  a  rigid  form,  and  thus  preserving 
it  for  her  purposes.  To  this  end  she  has  overspread  the  earth 
with  organisms,  which,  living,  take  into  them  the  solar  light, 
and  by  the  consumption  of  its  energy  generate  incessantly  cbe- 
mical  forces. 

27.  These  organisms  are  j)lants.  The  vegetable  world  con- 
stitutes the  reservoir  in  which  the  fugitive  solar  rays  are  fixed, 
suitably  deposited,  and  rendered  ready  for  useful  application. 
With  this  prevision  the  existence  of  the  human  race  is  also  inse- 
parably connected.  The  reducing  action  of  the  sun's  rays  on 
inorganic  and  organic  substances  is  well  known ;  this  reduction 
takes  place  most  copiously  in  full  sunlight,  less  copiously  in  the 
shade,  and  is  entirely  absent  in  darkness,  and  even  in  candle- 
light. The  reduction  is  a  conversion  of  one  form  of  force  into 
another — of  mechanical  eff"ect  into  chemical  tension. 

28.  The  time  does  not  lie  far  behind  us  when  it  was  a  sub- 
ject of  contention  whetlier,  during  life,  plants  did  not  possess 
the  power  of  changing  the  chemical  elements,  and  indeed 
of  creating  them.  Facts  and  experiments  seemed  to  favour  the 
notion,  but  a  more  accurate  examination  has  proved  the  con- 
trary. AYe  now  know  that  the  sum  of  the  materials  employed 
an(|  excreted  is  equal  to  the  total  quantity  of  matter  taken 

*  This,  aud  much  more,  was  stated  by  Sir  John  Ilerschcl  in  1833  (Out- 
lines of  Astronomy),  but  Mayer  was  the  fii'st  to  show  the  relation  of  all 
these  actions  to  the  law  of  tie  conservation  of  energy. 
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up  by  the  plant.  The  tree,  for  example,  which  weighs  several 
thousand  pounds,  has  taken  every  grain  of  its  substance  from 
its  neighbourhood.  In  plants  a  conversion  only,  and  not  a 
generation  of  matter,  takes  place. 

29.  Plants  consume  the  force  of  light,  and  produce  in  its 
place  chemical  tensions.  Since  the  time  of  Saussure,  the  action 
of  light  has  been  known  to  be  necessary  to  the  reduction.  In 
the  first  place  we  must  inquire  whether  the  light  which  falls 
u^on  living  plants  finds  a  difi'erent  application  from  that  which 
falls  u'pon  dead  matter ;  that  is  to  say,  whether,  eceteris  paribus, 
plants  are  less  warmed  by  solar  light  than  other  bodies  equally 
dark-coloured.  The  results  of  the  observations  hitherto  made  on 
a  small  scale  seem  to  lie  within  the  limits  of  possible  error.  On 
the  other  hand,  every -day  experience  teaches  us  that  the  heating 
action  of  the  sun's  rays  on  large  areas  of  land  is  moderated  by- 
nothing  more  powerfully  than  by  a  rich  vegetation,  although 
plants,  on  account  of  the  darkness  of  their  leaves,  must  be  able 
to  absorb  a  greater  quantity  of  heat  than  the  bare  earth.  If,  to 
account  for  this  cooling  action,  the  evaporation  from  the  plants 
be  not  sufficient,  then  the  question  above  proposed  must  be 
answered  in  the  affirmative. 

30.  The  second  question  refers  to  the  cause  of  the  chemical  teii- 
sion  produced  in  the  plant.  This  tension  is  a  physical  force.  It  is 
equiva;lent  to  the  lieat  obtained  from  the  combustion  of  the  plant. 
Does  this  force,  then,  come  from  the  vital  processes,  and  withoiit 
the  expenditure  of  some  other  form  of  force  ?  The  creation  of 
a  physical  force,  of  itself  hardly  thinkable,  seems  all  the  more 
paradoxical  when  we  consider  that  it  is  only  by  the  help  of  the 
sun's  rays  that  plants  can  perform  their  work.  By  the  assump- 
tion of  such  a  hypothetical  action  of  the  "  vital  force  "  all  further 
investigation  is  cut  off,  and  the  application  of  the  methods  of 
exact  science  to  the  phenomena  of  vitality  is  rendered  impos- 
sible. Those  who  hold  a  notion  so  opposed  to  the  spirit  of 
science  would  be  thereby  carried  into  the  chaos  of  unbridled 
phantasy.  I  therefore  hope  that  I  may  reckon  on  the  reader's 
assent  when  I  state,  as  an  axiomatic  truth,  that  during  vital  pro- 
cesses onlij  a  conversion  of  matter,  as  ivell  as  of  force,  Occitrs,  and 
that  a  creation  of  either  the  one  or  the  other  never  takes  place. 

(To  the  philosophy  of  vegetable  life  here  so  firmly  sketched, 
nothing  to  my  knowledge  has  been  added  since.  It  will  be 
immediately  seen  that  Mayer's  power  does  not  relax  when  he 
treats  of  animal  life  and  energy.) 

V. 

31.  The  physical  force  collected  by  plants  becomes  the  pro- 
perty of  another  class  of  creatures — of  animals.      The  living 
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animal  consumes  combustible  substances  belonging  to  the  vege- 
table world,  and  causes  them  to  reunite  with  the  oxygen  of  the 
atmosphere.  Parallel  to  this  process  runs  the  work  done  by 
animals.  This  work  is  the  end  and  aim  of  animal  existence. 
Plants  certainly  produce  mechanical  effects,  but  it  is  evident 
that  for  equal  masses  and  times  the  sum  of  the  effects  produced 
by  a  plant  is  vanishingly  small,  compared  with  those  produced 
by  an  animal.  While,  then,  in  the  plant  the  production  of 
mechanical  effects  plays  quite  a  subordinate  part,  the  conversion 
of  chemical  tensions  into  useful  mechanical  effect  is  the  charac- 
teristic sign  of  animal  hfe. 

32.  In  the  animal  body  chemical  forces  are  perpetually 
expended.  Ternary  and  quaternary  compounds  undergo  during 
the  life  of  the  animal  the  most  important  changes,  and  are,  for 
the  most  part,  given  off  in  the  form  of  binary  compounds — as 
burnt  substances.  The  magnitude  of  these  forces,  with  re- 
ference to  the  heat  developed  in  these  processes,  is  by  no  means 
determined  with  sufficient  accuracy ;  but  here,  where  our  object 
is  simply  the  establishment  of  a  principle,  it  will  be  sufficient  to 
take  into  account  the  heat  of  combustion  of  the  pure  carbon. 
When  additional  data  have  been  obtained,  it  will  be  easy  to 
modify  our  numerical  calculations  so  as  to  render  them  accordant 
with  the  new  facts. 

33.  The  heat  of  combustion  of  carbon  I  assume  with  Dulong 
to  be  8550°.  The  mechanical  work  which  corresponds  to  the 
combustion  of  one  unit  of  weight  of  coal  corresponds  to  the 
raising  of  9,670,000  units  to  a  height  of  1  foot. 

If  we  expi'ess  by  a  weight  of  carbon  the  quantity  of  chemical 
force  which  a  horse  must  expend  to  perform  the  above  amount 
of  work,  we  find  that  the  animal  in  one  day  must  apply  l"341b, ; 
in  an  hour  0*167  lb. ;  and  in  a  minute  0*0028  lb.  of  carbon  to 
the  production  of  mechanical  effect. 

According  to  current  estimates,  the  work  of  a  strong  labourer 
is  fth  of  that  of  a  horse.  A  man  who  in  one  day  lifts  l,850,0001bs. 
to  a  height  of  a  foot  must  consume  in  the  work  0"19  lb.  of 
carbon.  This  for  an  hour  (the  day  reckoned  at  eight  hours) 
amounts  to  0*024  lb. ;  for  a  minute  it  amounts  to  0*0004  lb.  =  3*2 
grains  of  carbon.  A  bowler  who  throws  an  8-lb.  ball  with  a 
velocity  of  30'  consumes  in  this  effort  ^^th  of  a  grain  of  carbon. 
A  man  who  lifts  his  own  weight  (150  lbs.)  8  feet  high,  consumes 
in  the  act  1  grain  of  carbon.  In  climbing  a  mountain  10,000 
feet  high,  the  consumption  (not  taking  into  account  the  heat 
generated  by  the  inelastic  shock  of  the  feet  against  the  earth) 
is  0*155  lb.  =  2  ozs.  4drs.  50grs.  of  carbon. 

34.  If  the  animal  organism  applied  the  disposable  com- 
bustible material  solely  to  the  performance  of  work,  the  quan- 
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titles  of  carbon  just  calculated  would  suffice  for  the  times  men- 
tioned. In  reality,  however,  besides  the  production  of  mecha- 
nical eflfects,  there  is  in  the  animal  body  a  continuous  genera- 
tion of  heat.  The  chemical  force  contained  in  the  food  and 
inspired  oxygen  is  therefore  the  soui-ce  of  two  other  forms  of 
power,  namely,  mechanical  motion  and  heat ;  and  the  sum  of 
these  physical  forces  produced  by  an  animal  is  the  equivalent  of 
the  contemporaneous  chemical  process.  Let  the  quantity  of 
mechanical  work  performed  by  an  animal  in  a  given  time  be  col- 
lected, and  converted  by  friction  or  some  other  means  into 
heat ;  add  to  this  the  heat  generated  immediately  in  the  animal 
body  in  the  same  time,  we  have  then  the  exact  quantity  of 
heat  corresponding  to  the  chemical  processes  that  have  taken 
place. 

35.  In  the  active  animal,  continues  Mayer,  the  chemical 
changes  are  much  greater  than  in  the  resting  one.  Let  the 
amount  of  the  chemical  processes  accomplished  in  a  certain  time 
in  the  resting  animal  be  x,  and  in  the  active  one  x  +  y.  If 
during  activity  the  same  quantity  of  heat  were  generated  as 
during  rest,  the  additional  chemical  force  y  would  correspond  to 
the  work  performed.  In  general,  however,  more  heat  is  produced 
in  the  active  organism  than  in  the  resting  one.  During  work, 
therefore,  we  shall  have  x  plus  a  portion  of  y  for  heat,  the  residue 
of  y  being  converted  into  mechanical  effect. 

36.  I  must  now  prove  that  the  extra  quantity  of  combustible 
matter  consumed  by  the  working  animal  contains  the  necessary 
force  for  the  performance  of  the  work.  A  strong  horse,  not 
working,  is  amply  nourished  on  15  lbs,  of  hay  and  5  lbs.  of  oats 
a  day.  If  the  animal  performed  daily  the  work  of  lifting  a  weight 
of  12,960,000  lbs.  1  foot  high,  it  could  not  exist  on  the  same  nu- 
triment. To  keep  it  in  good  condition  we  must  add  11  lbs.  of 
oats.  The  20  lbs.  of  nutriment  first  mentioned  is  the  quantity 
which  we  have  named  x,  and  contains,  according  to  Boussingault, 
8*074  lbs.  of  carbon.  The  additional  11  lbs.  of  oats,  our  quan- 
tity y,  contains,  according  to  the  same  authority,  4' 734. 

According  to  Boussingault,  also,  the  carbon  introduced  is  to 
that  excreted  in  a  combustible  form  as  3938  :  1364-4.  Calcu- 
lating from  these  data,  we  find  x,  or  the  quantity  of  carbon  burnt 
by  the  resting  animal,  5-2766  lbs.,  and  y  =  3*094  lbs.  The  quan- 
tity consumed  in  mechanical  effect  is  1-34  lb.,  which  we  will 
call  z. 

37.  We  have  therefore  the  following  relations: — 1.  The 
mechanical  effect  is  to  the  total  consumption  a.s  z:x  +  y  =  0-lQ. 
2.  The  mechanical  effect  is  to  the  surplus  consumption  of  the 
working  animal  as  z  :  y =0-43.  3.  The  generation  of  heat  at  rest 
is  to  the  generation  of  heat  while  working  slsx  :x-^y—z=0-75. 
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38".  In  the  same  way  Mayer,  taking  the  data  furnished  by 
Liebig  regarding  the  prisoners  and  soldiers  at  Giessen,  deter- 
mines the  following  relations  for  a  man.  1.  The  mechanical 
effect  is  to  the  total  consumption  as  95'7  :  540  =  0*177.  2.  The 
mechanical  effect  is  to  the  surplus  consumption  of  the  man  at  work 
as  957  :  285  =  0-336.  3.  The  generation  of  heat  in  the  resting 
man  to  that  in  the  working  man  as  255  :  540  — 95*7  =  0*57. 

39.  In  these  calculations,  he  continues,  I  have  confined  my- 
self to  the  consumed  carbon.  If  the  heat  of  combustion  be  set 
equal  to  the  carbon  +  the  hydrogen,  the  additional  heat  of  the 
hydrogen  may  be  regarded  as  nearly  =  |th  of  that  of  the  carbpn. 
According  to  the  individual  constitution  and  habits  of  life,  the 
labour  and  the  consumption  must  be  liable  to  considerable  va- 
riations. The  above  results,  however,  serve  to  demonstrate  the 
following  propositions : — 

(1.)  The  surplus  ni;triment  consumed  in  the  working  or- 
ganism completely  suffices  to  account  for  the  work  done. 

(2.)  The  maximum  mechanical  effect  produced  by  a  working 
mammal  hardly  amounts  to  4  th  of  the  force  derivable  from  the 
total  quantity  of  carbon  consumed.  The  remaining  ^ths  kre 
devoted  to  the  generation  of  heat. 

VI. 

40.  In  oi"der  to  enable  them  to  convert  chemical  force  into 
mechanical  work,  animals  are  provided  with  specific  organs, 
which  are  altogether  wanting  in  plants.    These  are  the  muscles. 

41.  To  the  activity  of  a  muscle  two  things  are  necessary — 
1.  The  influence  of  the  motor  nerves  as  the  determining  condi- 
tion;  and  2.  the  material  changes  as  the  cause  of  the  mecha- 
nical effect. 

42.  Like  the  whole  organism,  the  organ  itself,  the  muscle,  has 
its  psychical  and  its  physical  side.  Under  the  former  we  include 
the  nervous  influence,  under  the  latter  the  chemical  processes. 

43.  The  motions  of  the  steamship  are  performed  in  obedience 
to  the  will  of  the  steersman  and  engineer.  The  spiritual  influence, 
however,  without  which  the  ship  could  not  be  set  in  motion,  or, 
wanting  which,  would  go  to  pieces  on  the  nearest  reef,  guides,- 
but  moves  not.  For  the  progress  of  the  vessel  we  need  physical 
force — the  force  of  coal ;  in  its  absence  the  ship,  howevet  strong 
the  volition  of  its  navigator,  remains  dead. 

VII. 

Thus  does  this  remarkable  man,  at  a  time  when  the  writings 
of  the  most  celebrated  scientific  professors  were  beset  with 
mysticism  as  regards  the  operations  of  the  vital  force,  pour  light 
upon  the  darkness,  and  bring  the  processes  of  the  animal  body 
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into  harmony  with  the  great  law  of  conservation,  which    He 
himself,  alone  and  unaided^  had  thought  out. 

44.  Here  follow  a  few  of  Mayer's  remarks  on  muscular  motion. 

In  the  first  part  of  this  memoir,  the  part  played  by  combus- 
tion in  inorganic  apparatus  in  the  steam-engine,  for  instance 
was,  in  its  main  characters,  explained.  Our  present  problem  i^ 
to  consider  the  phenomena  of  vitality  in  connexion  with  their 
physical  causes,  and  thus  give  to  the  propositions  of  physiology 
the  basis  of  exact  science. 

45.  It  has  been  already  stated  that  an  active  working  man 
converts  in  a  day  0'19  lb.  of  carbon  into  mechanical  effect. 
The  weight  of  the  whole  muscles  of  such  a  man,  who  weight 
150  lbs.,  is  64  lbs. ;  and,  subtracting  77  per  ccnt.'of  water,  15  lbs. 
of  dry  combustible  material  remains.  Let  it  be  assumed  (though 
not  granted)  that  the  heat-giving  power  of  this  mass  (with 
40  per  cent,  of  nitrogen  and  oxygen)  is  equal  to  that  of  an 
equal  mass  of  pure  carbon ;  then,  if  the  work  were  done  at  the 
expense  of  the  muscles  themselves,  the  whole  of  the  muscles 
must  be  oxidized  and  consumed  in  mechanical  effect  in  eighty 
days. 

46.  This  arithmetical  deduction  becomes  still  more  evident 
if  we  confine  our  attention  to  the  work  performed  by  a  single 
muscle — the  heart.  I  assume,  with  Valentin,  the  quantity  of 
blood  in  the  left  ventricle  to  be  at  every  systole  on  an  average 
150  cubic  centimetres.  The  hydrostatic  pressure  of  the  blood 
in  the  arteries  is,  according  to  Poiseuille,  equal  to  the  pressure 
of  a  column  of  mercury  16  centimetres  in  height.  The  me- 
chanical work  done  by  the  left  ventricle  during  a  systole  may  b6 
calculated  from  these  data.  It  is  equal  to  the  raising  of  a 
column  of  mercury  1 6  centimetres  long,  and  with  a  base  of  a 
square  centimetre  to  a  height  of  150  centimetres.  The  weight 
of  the  mercury  amounts  to  317  grammes.  The  mechanical  effect 
of  a  systole  therefore  is 

_  r325-6  grammes  raised  1  metre, 
~\_     3  lbs.  „       1  foot, 

which  is  equivalent  to  0"887  of  a  thermal  unit,  or  equivalent  to 
the  combustion  of  0-0001037  of  a  gramme  of  carbon.  Taking 
for  a  minute  70  strokes,  and  for  a  day  100800  strokes  of  the 
pulse,  the  work  done  by  the  left  ventricle  in  a  day  is  equivalent 
to  the  raising  of  202000  lbs.  to  a  height  of  one  foot.  This  is 
equal  to  89428  thermal  units,  which  is  equal  to  the  combustion 

^^   1  ir8-S  2-°  f  °^    carbon.     According   to   Valentin,  the 

work  done  by  the  right  ventricle  is  half  that  done  by  the  left. 
The  work  of  both  chambers  in  a  single  day  is  therefore  equal  to 
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the  raising  of  303000  lbs.  1  foot  high   =  134143  thermal  units 

=  -1  oeo  A     ^^^^'  ^of  carbon. 
\252-4  grs.       J 

47.  Assuming  the  weight  of  the  whole  heart  to  be  500 
grammes,  and  deducting  from  this  77  per  cent,  of  water,  we 
have  remaining  115  grammes  of  dry  combustible  material. 
Assuming  this  material  to  be  equal  to  that  of  pure  carbon,  it 
would  follow  that  the  entire  organ,  if  it  had  to  furnish  the 
matter  necessary  to  its  action,  would  be  oxidized  in  eight  days. 
Taking  the  weight  of  the  two  ventricles  alone  as  202  grammes, 
under  the  same  conditions  the  complete  combustion  of  this 
rauacular  tissue  would  be  effected  in  3^  days. 

VIII. 

48.  This  partial  resume  of  half  of  Mayer's  second  memoir  is 
now  ended.  It  embraces  only  the  first  56  pages  of  an  essay  which 
contains  112  pages.  Mayer  began,  as  has  been  stated,  with  the 
question  of  vital  dynamics.  The  observation  which  led  to  his 
scientific  labours  was  made  on  a  patient  at  Java  in  1840,  and 
in  1842  he  published  his  first  paper.  He  informs  us  that  he 
had  put  it  briefly  together  to  secure  himself  against  casual- 
ties*; and  having  done  this,  he  continued  his  inquiries,  and  in 
1845  published  the  memoir  from  which  the  foregoing  extracts 
are  taken.  He  did  this  in  the  intervals  of  a  laborious  profession, 
"  ohne  aussere  Ermunteruug,^'  as  he  himself  touchingly  observes. 
The  full  translation  of  the  essay  can  alone  give  an  adequate  idea 
of  the  research  which  it  implies.  Mayer  probably  had  not  the 
means  of  making  experiments  himself,  but  he  ransacked  the 
records  of  experimental  science  for  his  data,  and  thus  conferred 
upon  his  writings  a  strength  which  mere  speculation  can  never 
possess.  From  the  extracts  which  I  have  given,  the  reader  may 
infer  his  strong  desire  for  quantitative  accuracy,  the  clearness  of 
his  insight,  and  the  firmness  of  his  grasp.  Regarding  the  recog- 
nition which  will  be  ultimately  accorded  to  Dr.  Mayer,  a  shade 
of  trouble  or  of  doubt  has  never  crossed  my  mind.  Individuals 
may  seek  to  pull  him  down,  but  their  eflPorts  will  be  unavailing 
as  long  as  such  evidence  of  his  genius  exists,  and  as  long  as  the 
general  mind  of  humanity  is  influenced  by  considerations  of 
justice  and  of  truth  f- 

*  Phil.  Mag.  vol.  xxv.  p.  501. 

t  The  paucity  of  facts  in  Mayer's  time  has  been  urged  as  if  it  were  a 
reproach  to  him,  but  it  ought  to  be  remembered  that  the  quantity  of  fact 
necessary  to  a  generalization  is  diflPerent  for  different  minds.  "  A  word  to 
the  wise  is  sufficient  for  them,"  and  a  single  fact  in  some  minds  bears  fruit 
that  a  hundred  cannot  produce  in  others.  Mayer's  data  were  compara- 
tively scanty,  but  his  genius  went  far  to  supply  the  lack  of  experiment,  by 
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IX. 

49.  There  are  a  few  points  remaining,  which,  to  preserve  the 
events  of  scientific  history  in  their  true  relationship,  ought  to  be 
referred  to  here.  It  has  been  asserted  mildly  (as  is  his  wont) 
by  Mr.  Joule,  less  mildly  (as  is  their  wont)  by  his  northern  sup- 
porters, that,  as  regards  vital  dynamics,  he  anticipated  Mayer 
by  two  years.  In  a  letter  published  in  the  Philosophical  Maga- 
zine for  August  1862,  Mr.  Joule  writes  thus  : — "  Permit  me  to 
remark,  that  I  applied  the  dynamical  theory  of  heat  to  vital  pro- 
cesses in  1843."  Let  all  justice  be  done  to  Mr.  Joule  regarding 
his  application  of  the  theory.  In  a  postscript  to  a  paper  in  the 
December  Number  of  the  Philosophical  Magazine  for  1843  he 
writes  thus  : — 

50.  "  On  conversing  a  few  days  ago  with  my  friend  Mr.  John 
Davies,  he  told  me  that  he  had  himself  a  few  years  ago  at- 
tempted to  account  for  that  part  of  animal  heat  which  Craw- 
ford's theory  had  left  unexplained,  by  the  friction  of  the  blood 
in  the  veins  and  arteries,  but  that,  finding  a  similar  hypothesis 
in  Mailer's  'Physiology,'  he  had  not  pursued  the  subject  further. 
It  is  unquestionable  that  heat  is  produced  by  such  friction,  but 
it  must  be  understood  that  the  mechanical  force  expended  in 
the  friction  is  a  part  of  the  force  of  affinity,  which  causes  the 
venous  blood  to  unite  with  the  oxygen,  so  that  the  whole  heat 
of  the  system  must  still  be  referred  to  the  chemical  changes. 
But  if  the  animal  were  engaged  in  turning  a  piece  of  machinery, 
or  in  ascending  a  mountain,  I  apprehend  that,  in  proportion  to 
the  muscular  effort  put  forth  for  the  purpose,  a  diyninution  of 
the  heat  evolved  in  the  system  by  a  given  chemical  action  would 
be  experienced." 

This  citation  embraces,  I  believe,  every  word  that  was  written 
on  "  vital  dynamics "  by  Mr.  Joule,  befoi-e  the  appearance  of 
Mayer's  paper  on  organic  motion.  It  consists  of  a  conjecture,  the 
sagacity  of  which  is  in  accordance  with  the  insight  always  mani- 
fested by  Mr.  Joule.  Let  the  reader  compare  it  with  sections 
4  to  7  of  this  resume,  and  make  the  deductions  which  he  deems 
right  from  his  estimate  of  Mayer's  work. 

51.  In  1852  Prof.  Wm. Thomson  wrote  on  the  subject  oi"  vital 
dynamics,"  and  it  will  be  instructive  to  compare  what  he  has 
done  with  what  had  been  done  by  Mayer  seven  years  earlier. 

enabling  him  to  see  clearly  the  bearing  of  such  facts  as  he  possessed. 
They  enabled  him  to  think  out  the  law  of  conservation,  and  his  conclusions 
received  the  stamp  of  certainty  from  tlie  subsequent  experimental  labours 
of  Mr.  Joule.  In  reference  to  their  comparative  merits,  I  would  say  that, 
as  Seer  and  Generalizer,  Mayer,  in  my  opinion,  stands  first, — as  Experi- 
mental Philosopher,  Joule. 
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The  whole  paper  of  Prof.  Thomson,  published  in  the  Philoso- 
phical ]\Iagazine  for  1852,  vol.  iv.,  may  be  compared  with  the 
writings  of  Dr.  Mayer  now  before  the  reader.  I,  however,  will 
limit  myself  here  to  the  section  "  On  the  Power  oif  Animated 
Creatures  over  Matter"  (p.  258). 

''  A  principal  object  of  the  present  communication  is  to 
point  out  the  relation  of  this  theory  [that  of  animal  heat  and 
motion]  to  the  dynamical  theory  of  heat.  It  is  remarked,  in  the 
first  place,  that  both  animal  heat  and  weights  raised  or  resistance 
overcome,  are  mechanical  effects  of  the  chemical  forces  which  act 
during  the  combination  of  food  with  oxygen.  The  former  is  a 
dynamical  mechanical  effect,  being  thermal  motions  excited; 
the  latter  is  a  mechanical  eflfect  of  the  statical  kind.  The  whole 
mechanical  value  of  these  effects,  which  are  produced  by  means 
of  the  animal  mechanism  in  any  time,  must  be  equal  to  the  me- 
chanical value  of  the  work  done  by  the  chemical  forces.  Hence, 
when  an  animal  is  going  up-hill  or  working  against  resisting 
force,  there  is  less  heat  generated  than  the  amount  due  to  the 
oxidation  of  the  food,  by  the  thermal  equivalent  of  the  mecha- 
nical effect  produced.  From  an  estimate  made  by  Mr.  Joule 
[in  1846,  Phil.  Mag.  vol.  xxviii.  p.  454],  it  appears  that  from 
^  to  ^  of  the  mechanical  equivalent  of  the  complete  oxidation  of 
all  the  food  consumed  by  a  horse  may  be  produced  from  day  to 
day  as  weights  raised  [Mayer  published  the  same  result  a  year 
previous  to  Mr.  Joule,  see  39].  The  oxidation  of  the  whole 
food  consumed  being,  in  reality,  far  from  complete  [see  Mayer, 
36  to  39],  it  follows  that  a  less  proportion  than  ^!,  perhaps 
even  less  than  f  of  the  heat  due  to  the  whole  chemical  action 
that  actually  goes  on  in  the  body  of  the  animal,  is  given  out 
as  heat.  An  estimate,  according  to  the  same  principle,  upon 
very  imperfect  data,  however,  is  made  by  the  author,  regarding 
the  relation  between  the  thermal  and  the  non-thermal  mecha- 
nical effects  produced  by  a  man  at  work  [Mayer  made  the  same 
estimate,  see  38]  ;  by  which  it  appears  that  probably  as  much 
as  ^  of  the  whole  work  of  the  chemical  forces  arising  from 
the  oxidation  of  his  food  during  the  twenty-four  hours  may 
be  directed  to  raising  his  own  weight,  by  a  man  walking  up-hill 
for  eight  hours  a  day ;  and  perhajDs  even  as  much  as  ^  of  the 
work  of  the  chemical  forces  may  be  directed  to  the  overcoming 
of  external  resistances  by  a  man  exerting  himself  for  six  hours 
a  day  in  such  operations  as  pumping.  In  the  former  case  there 
would  not  be  more  than  •^,  and  in  the  latter  not  more  than  | 
of  the  thermal  equivalent  of  the  chemical  action  emitted  as 
animal  heat,  on  the  whole,  during  twenty-four  hours,  and  the 
quantity  of  heat  emitted  during  the  time  of  working  would  bear 
much  smaller  proportions  respectively  than  these  to  the  thermal 
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equivalents  of  the  chemical  forces   actually  operating  during 
those  times"  *. 

Comparing  the  foregoing  remarks  with  what  Mayer  had 
written  seven  years  earlier,  the  reader  will  draw  his  own  conclu- 
sions as  to  their  comparative  completeness.  In  his  writings 
upon  vital  dynamics  Prof.  Thomson  never  once  mentions  the 
name  of  Mayer ;  he  is  not,  I  presume,  to  be  blamed  for  this 
omission;  for  when  he  wrote  in  1852  he  knew  nothing  about 
Mayer's  most  important  labours.  I  state  this  because  the 
opposite  supposition  is  too  unpleasant  to  be  entertained.  But 
in  1862  I  gave  him  the  titles  of  Mayer's  memoirs,  and  requested 
him  and  others  to  refer  to  them,  and  correct  me  if  I  had  erro- 
neously estimated  the  merits  of  their  author.  To  my  great 
regret,  Prof.  Thomson,  without  giving  himself  the  trouble  of 
consulting  the  documents  to  which  I  had  referred  him,  sanctions 
the  publication  of  the  statement,  that,  as  far  back  as  1851,  he  had 
given  to  Mayer  "  the  full  credit  which  his  scientific  claims  can 
possibly  be  admitted  to  deserve  "  f- 

52.  In  the  paper  from  which  I  have  just  quoted,  Prof.  Wm. 
Thomson  also  refers  to  the  deoxidation  of  carbon  and  hydrogen 
from  carbonic  acid  and  water,  effected  by  the  action  of  solar 
light  upon  the  green  leaves  of  plants,  as  a  mechanical  effect  of 
radiant  heat.  This  action,  he  says,  was  pointed  out  by  Helm- 
holtz  in  1847. 

53.  The  words  of  Helmholtz  are  as  follows  (Erhaltung  der 
Kraft,  p.  69  J) : — "  There  remains  to  us  of  known  natural  pro- 
cesses those  of  organic  beings.  In  plants  the  processes  are 
principally  chemical,  and  besides  this,  in  some  of  them,  at  least, 
a  slight  generation  of  heat  takes  place.  Of  foremost  importance 
is  the  fact,  that  in  them  a  great  quantity  of  chemical  forces  is 
deposited,  the  equivalent  of  which  we  obtain  as  heat  on  the  com- 
bustion of  the  plant.  The  only  vis  viva  which,  according  to  our 
present  knowledge,  is  absorbed  during  the  growth  of  the  plant, 
consists  of  the  chemical  rays  of  the  sun.  Results  are,  however, 
still  wanting  to  enable  us  to  make  a  sure  and  strict  comparison 
of  the  forces  which  here  disappear  and  appear.  For  animals  we 
have,  however,  some  grounds  of  comparison.  They  take  in  the 
complicated  oxidizable  compounds  which  are  produced  by  plants 
and  oxygen,  and  return  them  for  the  most  part  burnt  as  carbonic 
acid  and  water ;  partly,  however,  they  are  excreted,  reduced  to  sim- 

*  Oa  first  reading  this  2'assage  I  thought  it  might  be  an  abstract  of  a 
fuller  statement,  but  I  have  been  unable  to  find  anything  more  complete. 

t  Phil.  Mag.  vol.  xxv.  p.  264. 

X  This  excellent  essay  was  translated  by  myself  many  years  ago,  and 
published  in  the  last  volume  of  the  Scientific  Memoirs.  (Taylor  and 
Francis,  Red  Lion  Court,  Fleet  Street.) 
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pier  combinations.  They  therefore  consume  a  quantity  of  chemi- 
cal forces,  and  generate  in  their  place  heat  and  mechanical  forces. 
As  the  last  represent  a  comparatively  small  amount  of  work  in 
comparison  with  the  amount  of  heat,  the  question  of  the  con- 
servation of  force  reduces  itself  to  this : — Do  the  combustion  and 
the  change  of  materials  in  the  nutriment  generate  an  equal 
quantity  of  heat  to  that  yielded  up  by  the  animal  ?  According 
to  the  experiments  of  Dulong  and  Despretz,  this  question  can,  at 
least  approximately,  be  answered  in  the  affirmative/' 

54.  Helmholtz  made  this  statement  independently  of  Mayer, 
for  when  he  wrote  he  did  not  know  what  had  been  published  two 
years  before  at  Heilbronn  * ;  and  clearly  as  the  above  paragraph 
illustrates  his  insight  on  this  momentous  point,  it  could  not  be 
accepted  as  an  adequate  abstract  of  Mayer's  previous  writings 
on  the  same  subject.  In  a  lecture  of  varied  excellence,  trans- 
lated by  myself,  and  published  in  the  Philosophical  Magazine, 
1856,  vol.  ii.,  Helmholtz  expresses  in  clear  and  beautiful  lan- 
guage the  relation  of  animals  to  vegetables,  and  of  both  to  the 
sun.  The  lecture  was  given  at  Konigsberg  on  the  7th  of  Fe- 
bruary 1854;  and  if  the  reader  wishes  to  realize  fully  the  extent 
to  which  Mayer  had  occupied  this  field,  and  the  scantiness  of 
the  additions  made  to  our  knowledge  of  vital  dynamics  during 
the  nine  years  following  the  publication  of  Mayer's  essay,  he  may 
compare  pp.  509,  510,  and  511  of  Helmholtz's  lecture  with  sec- 
tions 4,  5,  6,  and  7  of  this  resume. 

55.  One  word  more  on  this  subject,  which  shall  have  as  slight 
a  personal  tinge  as  I  can  under  the  circumstances  impart  to  it. 
In  a  religious  periodical,  which  we  are  informed  numbers  120,000 
readers,  Prof.  Thomson  undertook  to  give  an  accurate  account  of 
the  discovery,  nature,  and  development  of  the  law  of  the  conserva- 
tion of  energy,  professedly  with  the  view  of  correcting  the  errors 
which  he  believed  me  to  be  disseminating  regarding  Mayer.  In 
that  article  he  charged  me  with  depreciation  and  suppression, 
and  these  bad  words  rest  un  retracted  in  the  pages  of  '  Good 
Words'  to  this  hour.  After  dealing  with  various  questions 
relating  to  the  "  conservation  of  energy,"  Prof,  Thomson  comes 
at  length  to  the  "  grandest  question  of  all,"  and  states  it 
thus  : — "  Whence  do  we  derive  the  stores  of  potential  energy 
which  we  employ  as  fuel  and  food  ?  What  produces  the 
potential  enei'gy  of  a  loaf  or  a  beefsteak  ?  What  supplies  the 
coal  and  the  water  power,  without  which  our  factories  would 
stop  ?  "  And  the  answer  to  this  question  is  "  the  sun."  Prof. 
Thomson  can  now  name  the  man  who  answered  this  question 
seventeen  years  before  he  called  it  the  grandest  of  all — the  man 

*  "  T  myself,  without  being  acquainted  with  either  Mayer  or  Colding," 
&c.— Phil.  Mag.  S.  4.  vol.  ii.  p.  409. 
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whose  name,  to  ray  deep  regret,  he  has  never  yet  named  in  con- 
nexion with  this  question,  though  Mayer's  relation  to  it  has  been 
now  for  two  years  known  to  him.  But  this  is  not  all.  In  public 
and  in  private — in  articles  which  are  so  far  manly  as  to  bear 
their  author's  names,  and  in  an  article  which  bears  no  name,  but 
which  has  been  recently  mentioned  with  commendation  in  the 
pages  of  this  Magazine — I  have  been  attacked  for  my  support  of 
Dr.  Mayer  in  language  which  I  would  not  stoop  to  characterize. 
While  here,  from  the  pen  of  the  man  who,  in  equal  ignorance 
both  of  me  and  of  the  facts,  instituted  this  ungentle  crusade 
against  me,  I  extract  testimony  to  the  greatness  of  Mayer's 
work,  stronger  than  I  have  ever  uttered  in  attempting  to  vindi- 
cate his  claims. 

X. 
56.  Sir  W.  Herschel  had  called  the  maintenance  of  solar  heat 
"TheGreat  Secret."  Mayer  endeavoured  to  solve  it,and  published 
his  essay  on  Celestial  Dynamics  in  1848.  It  will  be  seen,  however, 
in  a.  foregoing  page  that  the  idea  of  a  meteoric  source  of  solar 
heat  was  at  his  hand  in  1845.  His  calculation  of  the  quantity 
of  heat  which  would  be  generated  by  the  mechanical  combination 
of  the  earth  and  sun  proves  this  (see  22).  But  in  1848  he  pub- 
lished a  complete  development  of  his  theory,  and  his  essay  is  now 
readily  accessible  since  its  translation  by  Dr.  Debus  for  the  Philo- 
sophical Magazine  *.  There  could  scarcely  be  a  closer  coincidence 
between  two  independent  scientific  memoirs  than  that  subsisting 
between  the  essay  of  Dr.  Mayer  and  the  paper  of  Prof.  Thomson, 
published  six  yeai's  subsequently  f-  Thomson  considers  and 
rejects  the  assumption  that  the  sun  is  a  heated  body,  losing 
heat;  Mayer  did  the  same.  Thomson  considers  and  rejects  the 
assumption  that  the  heat  of  the  sun  is  due  to  chemical  action ; 
so  did  Mayer.  Thomson  considers  and  embraces  the  theox'y 
that  meteors  falling  into  the  sun  give  rise  to  his  heat ;  so  did 
Mayer.  Thomson  arrives  at  the  conclusion  that  the  main  source 
of  solar  light  and  heat  is  the  zodiacal  light.  This  was  also 
Mayer's  conclusion.  Their  calculations  run  parallel,  and  their 
deductions  from  them  are  the  same.  As  an  instance  of  coinci- 
dence in  detail  the  following  is  worthy  of  notice : — "  A  dark 
body,"  writes  Prof.  Thomson  in  1854,  "  of  dimensions  such  as  the 
sun,  in  any  part  of  space,  might,  by  entering  a  cloud  of  meteors, 
become  incandescent  as  intensely  in  a  few  seconds,  as  it  could 
in  years  of  continuance  of  the  same  meteoric  circumstances,  and 
again  getting  to  a  position  in  space  comparatively  free  from 
meteors,  it  might  almost  as  suddenly  become  dark  again.  It  is 
far  from  improbable  that  this  is  the  explanation  of  the  appear- 

*  Vol.  XXV.  pp.  241,  387,  417. 
t  Phil.  Mag.  vol.  viii.  p.  409. 


48  Px'of.  Tyndall's  Notes  on  Scientific  Histury. 

ance  and  disappearance  of  bright  stars,  and  the  strange  variations 
of  brilliancy  of  others  which  have  caused  so  much  astonishment." 
(Phil.  Mag.  vol.  viii.  p.  415).  Three  years  previous  to  the 
publication  of  the  above  paragraph  Dr.  Mayer  wrote  thus  : — "  It 
is  more  than  probable  that  the  earth  has  come  into  existence  in 
some  such  way,  and  that  in  consequence  of  this  process  our  sun, 
as  seen  from  the  distance  of  the  fixed  stars,  exhibited  at  that 
epoch  a  transient  burst  of  light.  But  what  took  place  in  our 
solar  system  perhaps  millions  of  years  ago,  still  goes  on  at  the 
present  time  here  and  there  among  the  fixed  stars;  and  the 
transient  appearance  of  certain  stars,  which  in  some  cases,  like 
the  celebrated  star  Tycho,  have  at  first  an  extraordinary  degree 
of  brilliance,  may  be  satisfactorily  explained  by  assuming  the 
falling  together  of  previously  invisible  double  stars."  (Bemer- 
kungen  ii.  d.  mech.  Aequiv.  d.  Warnie,  p.  56 ;  Phil.  Mag.  vol.  xxv. 
p.  521.) 

57.  At  the  commencement  of  his  paper  "On  the  Mechanical 
Energies  of  the  Solar  System,"  Prof  Thomson  states  that  this 
theory  was  never  brought  forward  in  any  definite  form,  so  far 
as  he  was  aware,  "until  Mr.  Waterston  communicated  to  the 
British  Association  at  Hull  a  remarkable  speculation  on  cosmical 
dynamics  {Dynamik  des  Himmels),  in  which  he  proposed  the 
theory  that  solar  heat  is  produced  by  the  impact  of  meteors." 
Mayer  is  here  definitely  ignored ;  and  I  assume  the  reason  to 
be  the  same  that  I  have  assigned  for  Prof.  Thomson's  silence 
regarding  Mayer's  writings  on  vital  dynamics.  But  he  was  not 
left  without  information ;  in  my  lecture  in  June  1862  I  referred  to 
those  writings  in  the  following  words  : — "  In  1853  Mr.  Waterston 
proposed  independently  the  meteoric  theory  of  the  sun's  heat, 
and  in  1854  Prof.  Wm.  Thomson  applied  his  admirable  mathe- 
matical powers  to  the  development  of  the  theory ;  but  six  years 
previously  the  subject  had  been  handled  in  a  masterly  manner 
by  Mayer,  and  all  that  I  have  said  on  this  question  has  been 
derived  from  him."  I  do  not  see  how  I  could  have  stated  the  truth 
in  more  considerate  terms.  Instead,  however,  of  making  him- 
self acquainted  with  the  essay  of  Mayer  and  nobly  bidding  him 
welcome.  Prof.  Thomson  permits  himself  to  sanction  the  following 
language  towards  me.  "  Prof.  Tyndall  is  most  unfortunate  in  the 
possession  of  a  mental  bias,  which  often  prevents  him  (as,  for 
instance,  in  the  case  of  Rendu  and  glacier-motion)*  from  recog- 
nizing the  fact  that  the  claims  of  individuals  whom  he  supposes 

*  I  have  asked  Prof.  Thomson  to  point  out  the  passages  in  my  wi-itings 
which  justify  this  language,  but  he  has  not  done  so.  The  readiness  of 
Prof.  Thomson  to  make  such  statements  and  to  neglect  their  proof  has 
excited  attention  in  other  quarters,  and  will  assuredly  furnish  him  with  its 
harvest  of  results. 
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to  have  been  wronged,  have,  before  his  intervention,  been  fully 
ventilated,  discussed,  and  settled  by  the  general  award  of 
scientific  men/'  Such  rashness  is  rare  in  a  man  occupying  so 
responsible  a  position.  The  fact  really  is  that  if  it  could  be 
shown  that  Prof.  Thomson  had,  "  before  my  intervention,"  been 
aware  of  what  Mayer  had  done,  he  would  at  the  present  moment 
be  in  as  unenviable  a  position  as  could  possibly  be  occupied  by 
a  scientific  man.  I  may  add  that  he  has  never  yet  rendered  to 
Dr.  Mayer  the  credit  which  belongs  to  him. 

58.  How  far  Mr.  Joule's  lecture  on  shooting-stars  (23)  affects 
the  essay  of  Dr.  Mayer  on  Cosmical  Dynamics  the  reader  must 
himself  determine.  Here  is  the  extract  from  the  '  Manchester 
Courier'  (12th  May  1847)  referred  to  by  Mr.  Joule  and  printed 
in  the  Philosophical  Magazine.  "  You  have  no  doubt  frequently 
observed  what  are  called  shooting-stars,  as  they  appear  to  emerge 
from  the  dark  sky  at  night,  pursue  a  short  and  rapid  course, 
burst,  and  are  dissipated  in  shining  fragments.  From  the 
velocity  with  which  these  bodies  travel  there  can  be  little  doubt 
that  they  are  small  planets,  which  in  the  course  of  their  revo- 
lution round  the  sun  are  attracted  and  drawn  to  the  earth. 
Reflect  for  a  moment  on  the  consequences  which  would  ensue 
if  a  hard  meteoric  stone  were  to  strike  the  room  in  which  you 
are  assembled  with  a  velocity  sixty  times  as  great  as  a  cannon- 
ball.  The  dire  effects  of  such  a  collision  are  eff"ectually  prevented 
by  the  atmosphere  surrounding  our  globe,  by  which  the  velocity 
of  the  meteoric  stone  is  checked,  and  its  living  force  converted 
into  heat,  which  at  last  becomes  so  intense  as  to  melt  the  body 
and  dissipate  it  in  fragments,  too  small  probably  to  be  noticed  in 
their  fall  to  the  ground.  Hence  it  is  that,  though  multitudes 
of  shooting-stars  appear  every  night,  few  meteoric  stones  have 
been  found,  those  few  corroborating  the  truth  of  our  hypothesis 
by  the  marks  of  intense  heat  they  bear  on  their  surfaces." 
Those  who  have  read  Mayer's  essay  will  never  forget  it,  and  will 
be  able  to  judge  how  far  its  character  could  be  affected  by  the 
above  extract ;  even  had  it  been  under  the  eyes  of  Mayer  from  the 
moment  of  its  publication.  Those  who  have  not  read  Mayer, 
will  find  him  translated  in  the  Phil.  Mag.  vol.  xxv.  pp.  241,  387, 
417.  In  my  book  on  Heat  I  have  given  Mr.  Joule  due  credit 
for  the  above  hypothesis"^. 

59.  More  than  a  year  ago  I  addressed  a  letter  to  Prof.  W.Thom- 
son which  gave  me  great  pain  to  write.  I  wrote  it  partly  in  de- 
fence of  Dr.  Mayer,  partly  in  defence  of  my  own  character.  It  was, 
I  am  told,  vigorously  expressed,  but  it  has  never  been  intimated 

*  The  hypothesis  of  the  cosmical  origin  of  meteorolites  is  due  to 
Chladni,  the  protective  power  of  the  atmosphere  and  its  sufficiency  to  dis- 
sipate meteors  being  the  point  brought  forward  by  Mr.  Joule. 

Phil.  Mag,  S.  4.  Vol.  28.  No.  186.  July  1864.  E 
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to  me  that  it  contained  a  single  ungentlemanly  term.  It  brought 
me  expressions  of  approval  and  sympathy  from  some  of  the  most 
eminent  men  in  Europe ;  and  I  was  so  content  with  this,  that  I 
wilhngly — some  thought,  tamely — let  the  discussion  drop.  It  was 
quite  natural  that  my  style  and  matter  should  be  the  reverse  of 
agreeable  to  Prof.  Thomson ;  and,  as  might  be  expected,  he  ex- 
pressed himself  to  this  eifect.  He  complained  of  the  liberties  which 
I  had  taken  with  his  name ;  of  the  liberties  I  had  taken  with 
other  names.  In  short,  he  considered  my  whole  tone  "  unpre- 
cedented in  scientific  discussion,"  and  he  declined  having  any- 
thing to  do  with  me.  On  one  technical  question,  moreover,  he 
made  a  complaint,  to  which,  as  it  involves  a  point  of  personal 
courtesy,  I  am  anxious  to  reply.  He  complained  that  I  had 
printed  my  letter  in  the  Philosophical  Magazine  without  sending 
him  the  original.  I  am  informed  by  good  authority  that  the 
course  I  pursued  was  the  usual  and  proper  one.  Had  it  been 
customary  to  send  the  original  in  such  a  case,  I  should  certainly 
not  have  failed  in  this  act  of  courtesy  to  Prof.  Thomson.  Had  I 
even  known  his  personal  views  on  the  matter,  I  should  have  sent 
him  the  original,  regardless  of  the  general  practice.  Nor  should 
I  have  allowed  myself  to  be  in  any  degree  influenced  by  the  fact 
that  Prof.  Thomson  had  inserted  in  *  Good  Words'  expressions 
injurious  to  my  character,  which  circulated  unknown  to  me  among 
the  120,000  readers  of  that  periodical,  until  their  accidental 
discovery  by  my  assistant  gave  me  an  opportunity  of  demonstra- 
ting their  baselessness.  I  would  at  the  same  time  remind  him 
that,  though  there  is  a  dignity  in  silence  when  exercised  at  the 
proper  time  and  in  the  proper  way,  it  is  not  dignity,  nor  even 
manliness  as  defined  in  England,  that  permits  a  man  to  make 
an  unwarranted  accusation,  and  prevents  him  from  retracting  it 
after  its  injustice  has  been  exposed. 

It  is  with  great  reluctance  that  I  refer  to  these  topics ;  and 
were  I  alone  concerned,  I  should  give  the  world  no  further 
opportunity  to  animadvert  on  the  dissensions  of  those  among 
whom,  in  the  interest  of  their  common  vocation,  brotherly  kind- 
ness ought  to  reign.  But  silence  is  scarcely  becoming  on  my 
part  when  I  see  the  reputation  of  a  man,  in  whom  the  finest 
intellectual  qualities  are  associated  with  the  most  shrinking 
modesty  of  character,  made  the  target  of  anonymous  reviewers. 
I  never  had  an  interest  in  this  controversy  apart  from  the  desire 
to  do  him  justice.  To  me  Dr.  Mayer  is  personally  unknown, 
and  my  own  scientific  labours,  unlike  those  of  my  chief  censor, 
are  entirely  unaftectcd  by  anything  that  he  has  done.  I  may 
add  that  all  that  I  had  seen  or  known  of  Mr.  Joule,  previous  to 
this  discussion,  had  served  to  inspire  me  with  respect  and  attach- 
ment for  him.    Personal  liking  and  what  has  been  called  "  pa- 
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triotisra  "  added  themselves  to  the  exalted  value  which  I  attached 
to  his  researches.  I  held^  and  still  hold,  him  to  be  one  of  the 
noblest  workers  of  this  age ;  and  my  estimate  of  his  labours  is 
not  a  shade  lowered  by  this  other  conviction,  that  he  must,  in  the 
history  of  science,  accept  Dr.  Mayer  as  his  scientific  brother, — 
that  the  Thinker  and  Generalizer  is  fit  to  stand,  and  will  be  caused 
to  stand,  beside  the  Experimental  Philosopher.  To  permit  Dr. 
Mayer  to  remain  in  the  position  in  which  I  found  him,  would  be 
to  fasten  on  myself  the  guilt  of  that  neglect  of  which  the  plea 
of  ignorance  alone  acquits  his  contemporaries.  In  every  sen- 
tence that  I  have  written  in  his  favour  I  have  felt  that  strength 
which  perfect  single-mindedness  can  alone  impart,  and,  fearless 
alike  of  his  fate  and  of  my  own,  I  now  commit  his  reputation, 
and  my  conduct  concerning  it,  to  the  impartial  judgment  of 
mankind. 

Royal  Institution,  June  1864. 


V.   On  a  Modification  o/Watt's  Parallelogram. 

By  P.  TCH^BYCHEF*. 

THE  mechanism  known  as  Watt's  parallelogram  furnishes  a 
solution  of  the  following  practically  important  problem : 
To  produce,  to  a  sufficient  degree  of  approximation,  rectilineal 
motion  hy  a  combination  of  circular  ^notions. 

The  degree  of  precision  attainable  by  contrivances  of  this  kind 
depends  obviously  upon  the  number  of  its  disposable  elements, 
and  in  this  point  of  view  the  parallelogram  of  Watt  is  far  from 
being  satisfactory.  In  its  structure,  for  instance,  two  rods  more 
are  employed  than  in  the  mechanism  a  fleau,  and  yet  the  mo- 
tion produced  is  the  same.  In  attempting  to  produce  approxi- 
mate rectilineal  motion  by  means  of  either  of  these  two  contri- 
vances, the  motion  really  attained  is  an  oval  one,  which  has  at 
most  five  elements  in  common  with  the  desired  rectilineal  motion. 
Now  this  degree  of  approximation  is  unquestionably  small  when 
we  take  into  consideration  the  degree  of  complication  presented 
by  Watt's  parallelogram.  The  latter,  as  is  well  known,  pos- 
sesses four  disposable  elements,  each  of  which,  as  therein  em- 
ployed, furnishes  two  arbitrary  parameters — its  length  and  its 
direction.  Seeing,  therefore,  that,  on  the  whole,  eight  parame- 
ters are  involved,  we  are  justified  in  seeking  a  contrivance  of  the 
same  degree  of  complexity  as  Watt's  parallelogram,  but  capable 
of  furnishing  a  much   more  rectilineal  motion — one,  in  fact, 

*  From  the  Bulletin  de  VAcad.  Imp.  des  Sciences  de  St.  P^tersbourg, 
vol.  iv.  p.  433. 
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which  has  with  the  desired  motion  eight,  instead  of  five  common 
elements. 

We  have  done  this,  and  found  that  the  approximation  in 
question  may  be  attained  by  articulating,  with  each  other  and 
with  the  beam,  the  four  rods  of  Watt's  parallelogram  in  the  fol- 
lowing manner.  In  this  figure  AB 
represents  the  semi-beam  upon  which 
it  is  required  to  construct  a  mechanism 
capable  of  producing  approximately 
rectilineal  motion  along  the  vertical 
line  VV,  passing  through  the  extre- 
mity B  of  the  beam  when  the  latter 
has  a  horizontal  position.  B  C,  D  E, 
C  F,  F  G  are  the  four  rods  composing 
this  mechanism ;  C  is  the  point  whose 
motion  is  to  be  considered ;  and  F  G, 
turning  around  a  fixed  axis  G,  repre- 
sents the  counter-beam,  as  in  AYatt's 

parallelogram.  These  rods  are  articulated  with  each  other  and 
with  the  beam  in  the  same  manner  as  in  Watt's  parallelogram, 
with  the  sole  difference  that  the  rods  D  E  and  F  C,  instead  of 
being  connected  with  each  other,  are  articulated  with  the  counter- 
beam  F  G  at  two  difi'erent  points  E  and  F.  The  lengths  and 
distances  adopted  are  the  following : — 


CF=:FG=  ^5  +  ^ 


AB, 


BD=EG=  ^^~^AB. 


FiK.  2. 


Consequently  BD  is  a  mean  proportional  between  AB  and  AD, 
and  EF  is  the  half  of  AD.  The  rods  BC  and  DE  have  the 
same  length;  and  provided  the  latter  do  not  sensibly  exceed  the 
semi-path  of  the  point  C,  it  may  be  arbitrarily  chosen.  The 
centre  of  oscillation  G  of  the  counter-beam  FG  is  chosen  so  that, 
when  the  beam  is  horizontal,  the  rods  BC  and  DE  may  be 
vertical,  and  at  the  same  time  the  rods 
CF  and  FG  may  have  the  same  hori- 
zontal position,  as  seen  in  fig.  2. 

Such  is  the  composition  of  the  me- 
chanism which,  with  the  same  number 
of  rods  as  Watt  employed,  will  give  a 
motion  having  eight  elements  in  com- 
mon with  the  desired  rectilineal  one. 
This  fact  may  be  very  easily  verified  by 
determining,  as  a  function  of  the  incli- 
nation of  the  beam,  the  variable  distance 
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of  the  point  C  from  the  vertical  line  VV  (fig.  1)  *.  It  will 
then  be  at  once  seen  that  the  vertical  VV  is  a  tangent,  at 
the  point  corresponding  to  the  horizontal  position  of  the  beam,  to 
the  curve  described  by  C  j  further,  that  in  the  neighbourhood  of 
this  point  the  curve  has  seven  elements  in  common  with  its 
tangent,  and,  lastly,  that  it  cuts  the  same  at  a  distance  from  G 
less  than  BC ;  so  that,  within  the  space  described  by  C,  the  curve 
and  the  vertical  have  necessarily  an  eighth  common  element. 

We  see  from  this  with  what  extreme  rapidity  the  deviations  of 
the  point  C  from  the  vertical  line  V  V  (fig.  1)  increase  with  the 
amplitude  of  the  oscillations  of  the  beam,  the  distances  being  of 
the  seventh  order  with  respect  to  the  inclination  of  the  beam.  In 
ordinary  practical  cases,  where  the  inclination  is  never  great,  the 
working  of  this  mechanism  would,  as  far  as  precision  is  con- 
cerned, be  greatly  superior  to  that  of  Watt.  Take,  as  an  ex- 
ample, the  case  treated  by  Prony  in  his  well-known  "  Note  sur  le 
parallelogram  me  du  balancier  dela  machine  a  feu  '^f,  where  the 
length  of  the  semi-beam  AB  is  2*5 15  metres,  that  of  the  rod 
B  C  being  0'762  of  a  metre,  and  the  greatest  inclination  of  the 
beam  17°  35'  30".  With  the  improved  mechanism  the  devia- 
tions from  the  vertical  would  be  less  than  0*05  of  a  milUmeti-e, 
whereas,  according  to  Prony,  the  deviations  with  Watt's  paral- 
lelogram would  amount  to  2  millimetres, — a  quantity  forty  times 
the  above,  and  far  from  being  insignificant  in  the  working  of  a 
machine  of  this  description. 

Hitherto,  in  seeking  to  approach  as  closely  as  possible  to  a 

*  This  vai'iable  distance  is  expressed  by  the  formula 

■ — - — .  AB  (cos  >//■—  cos  (^), 

wherein  the  angles  ^//•  and  ^  are  functions  of  the  incUnation  a  of  the  beam 
which  satisfy  the  two  equations 

A      3-V5              VS-l        ^V 
(1 2 —  ^^^  ** 9 — -  cos  0  1 

/,               ,   Vs+l        _,      V5-I-1        ,\2 
(  l-cos«H —- cos (^-—— I- cos >|rj 

The  approximate  expression  for  the  distance  in  question  is  consequently 
given  by  the  series 

7-3V5  AW         V5-2  AB^   ,^ 
W~  BC*  +  — i6~BC^ **  +  ••• 

t  Annates  des  Mines,  vol.  xii. 
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vertical  motion,  we  have  only  considered  how  many  elements 
were  common  to  the  vertical  and  to  the  curve  described  by  the 
point  C ;  the  degree  of  approximation  of  the  two,  however, 
depends  also  very  essentially  upon  the  position  of  these  elements. 
We  have  already  examined  this  question  in  the  first  part  of  a 
memoir  entitled  "  Theorie  des  mecanismes  conn  us  sous  le  uom 
des  parallelogrammes "  *,  and  therein  proposed  methods  for 
rendering  such  an  approximation  as  perfect  as  possible.  By 
applying  these  methods  to  the  case  under  consideration,  we 
should  be  led  to  introduce  certain  small  changes  in  the  values 
of  the  several  parameters,  in  order  to  render  the  mechanism  as 
perfect  as  possible.  By  means  of  these  corrections,  the  devia- 
tions of  the  point  C  would  be  reduced  in  the  proportion  of  about 
1  to  2^  (see  §  5  of  the  memoir  cited).  But  since,  in  practical 
cases,  these  deviations,  as  we  have  seen,  are  themselves  very 
small — amounting  at  most  to  some  hundredths  of  a  millimetre, 
— it  is  evident  that  by  the  application  of  the  above  corrections 
the  theoretical  precision  of  the  apparatus  might  be  carried  to  a 
limit  unattainable  by  the  mechanician.  For  ordinary  practical 
purposes,  therefore,  there  is  no  inducement  to  seek  a  mecha- 
nism capable  of  giving  rectilineal  motion  with  greater  accuracy. 
This  improved  mechanism  is  the  more  worthy  of  attention,  since, 
as  we  have  shown,  the  utmost  desirable  precision  is  attained  by 
employing  the  same  number  of  pieces  as  in  Watt's  parallelo- 
gram, whose  practical  defects  are  often  experienced. 

We  may  observe,  lastly,  that  the  adjoining  new  form  of  the 
mechanism  is  obtained  by  changing  the  signs  of  the  radicals  in 
the  foregoing  values  of  the  elements. 

In  this  new  form,  where  Fig-  3. 

CF=FG=  '^^"^AB, 
4 

v/5-i-l 
BD=EG=      o    ^B, 

the  degree  of  working  precision  is 
theoretically  the  same  as  before ;  its 
construction,  however,  would  neces- 
sitate the  prolongation  of  the  beam, 
and  thus  be  attended  with  great  dis- 
advantages. 

*  M^oires  de  Savants  Etrangers,  vol.  vii. 
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VI.   On  the  Barometer  as  an  Indicator  of  the  Earth's  Rotation 
and  the  Sun's  Distance.     By  Pliny  Earle  Chase*. 

THE  existence  of  daily  barometric  tides  has  been  known  for 
more  than  a  hundred  and  fifty  years,  but  their  cause  is 
still  a  matter  of  dispute.  It  is  evident  that  they  cannot  be 
accounted  for  by  variations  of  temperature,  for  (1)  their  regula- 
rity is  not  perceived  until  all  the  known  effects  of  temperature 
have  been  eliminated ;  (3)  they  occur  in  all  climates,  and  at  all 
seasons;  (3)  opposite  effects  are  produced  at  different  times, 
under  the  same  average  temperature.  Thus  at  St.  Helena  the 
mean  of  three  years'  hourly  observation  gives  the  following 
average  barometric  heights  : — 

h  h         in.  h  h        in. 

From  0  to  13  28-3801  From  18  to  6  38-2838 
From  13  to  0  38-3861  From  6  to  18  28-3784 
The  upper  lines  evidently  embrace  the  coolest  parts  of  the  day, 
and  the  lower  lines  the  warmest.  Dividing  the  day  in  the  first 
method,  the  barometer  is  highest  when  the  thermometer  is 
highest ;  but  in  the  second  division  the  high  barometer  prevails 
during  the  coolest  half  of  the  day. 

On  account  of  the  combined  effects  of  the  earth's  rotation  and 
revolution,  each  particle  of  air  has  a  velocity  in  the  direction  of 
its  orbit,  varying  at  the  equator  from  about  65,000  miles  per 
hour  at  noon,  to  67,000  miles  per  hour  at  midnight.  The  force 
of  rotation  may  be  readily  compared  with  that  of  gravity  by 
observing  the  effects  produced  by  each  in  twenty-four  hours,  the 
interval  that  elapses  between  two  successive  returns  of  any  point 
to  the  same  relative  position  with  the  sun.  The  force  of  rota- 
tion producing  a  daily  motion  of  34,895  miles,  and  the  force  of 
terrestrial  gravity  a  motion  of  33,738,900  miles,  the  ratio  of  the 
former  to  the  latter  is  2  2^7^Auh)0^  °^'  '00109.  This  ratio  repre- 
sents the  proportionate  elevation  or  depression  of  the  barometer 
above  or  below  its  mean  height  that  should  be  caused  by  the 
earth's  rotation,  and  it  corresponds  very  nearly  with  the  actual 
disturbance  at  stations  near  the  equator. 

From  0*^  to  6*^  the  air  has  a  forward  motion  greater  than  that 
of  the  earth,  so  that  it  tends  to  fly  away ;  its  pressure  is  there- 
fore diminished,  and  the  mercury  falls.  From  6^  to  12*^  the 
earth's  motion  is  greatest ;  it  therefore  presses  against  the  lag- 
ging air,  and  the  barometer  rises.  From  13*^  to  18^  the  earth 
moves  away  from  the  air,  and  the  barometer  falls ;  while  from 
18*^  to  34^  the  increasing  velocity  of  the  air  urges  it  against  the 
earth,  and  the  barometer  rises. 

If  the  force  of  rotation  at  each  instant  be  resolved  into  two 
components,  one  in  the  direction  of  the  radius  vector,  and  the 
*  From  Silliman's  American  Journal  for  Mav  1864. 
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B=:M(l  + 


other  parallel  to  the  earth's  orbit,  it  will  be  readily  perceived  that 
whenever  the  latter  tends  to  increase  the  aerial  pressure,  the 
former  tends  to  diminish  it,  and  vice  versa.  Let  B=  the  height 
of  the  barometer  at  any  given  instant;  M=  the  mean  height 
at  the  place  of  observation ;  ^—90°=  the  hour-angle  j  C=  the 
earth's  circumference  at  the  equator;  t  =  24i  hours;  g=  the 
terrestrial  gravity ;  /=  the  latitude :  and  a  simple  integration 
gives  the  theoretical  formula 

sin  6' cos  ^  cos  /   2C\* 

This  formula  gives  a  maximum  height  at  9^  and  21^^  and  a 
minimum  at  3^  and  15^.  The  St.  Helena  observations  place  the 
maximum  at  10^  and  22^  and  the  minimum  at  4^^  and  IG^^,  an 
hour  later  in  each  instance  than  the  theoretical  time.  This  is 
the  precise  amount  of  retardation  caused  by  the  inertia  of  the 
mercury,  as  indicated  by  the  comparisons  with  the  water  baro- 
meter of  the  Koyal  Society  of  London. 

Aerial  currents^  variations  of  temperature,  moisture,  and  cen- 
trifugal force,  solar  and  lunar  attraction,  the  obliquity  of  the 
ecliptic,  and  various  other  disturbing  causes,  produce,  as  might 
be  naturally  expected,  great  differences  between  the  results  of 
theory  and  observation.  But  by  taking  the  grand  mean  of  a 
series  of  observations,  sufficiently  extended  to  balance  and  elimi- 
nate the  principal  o])posing  inequalities,  the  two  results  present 
a  wonderful  coincidence. 

According  to  our  formula,  the  differences  of  altitude  at  1,  2, 
and  3  hours  from  the  mean,  should  be  in  the  respective  ratios  of 
•5,  '866,  and  1.  The  actual  differences,  according  to  the  mean 
of  the  St  Helena  observations,  are  as  follows : — 


Differences  of  Barometer. 

Ratios. 

Difference  of  time 
Before  Ih 

Ih. 

•0166 

•0159 

•0122 

•0135 

•0136 

•0131 

•0161 

•0150 

2h. 

•0298 

•0266 

•0202 

•0239 

•0248 

•0215 

•0287 

•0265 

3h. 

•0365 

•0298 

•0243 

•0297 

•0284 

•0227 

•0348 

•0286 

^  Ih. 
•455 

!  ^534 
•502 
•455 

t  ^479 
•577 
•463 

:     ^524 

2h. 
•816 
•893 
•831 
•805 
•873 
•947 
•825 
•927 

3h. 

After  Ih 

Before  7h 

After  7h 

Before  13h 

After  13h 

Before  ]9h 

After  191i 

Mean  

•0145 

•0252 

•0293 

•495 

•860 

1 

-72  represents  the  effective  ratio  of  an  entire  day.     But  there  is  in 

each  day  a  half  day  of  acceleration,  and  a  half  day  of  retardation,  and  the 

C      ot^      2C 
ratio  for  each  half  day  is  o  "^  "J"  ~  ~F' 
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The  mean  of  the  above  differences  varies  from  the  theoretical 
mean  less  than  -g^Q-^  of  an  inch.  If  we  take  the  mean  of  the 
ratios  instead  of  the  ratios  of  the  means  of  the  observed  differ- 
encesj  the  coincidence  is  still  more  striking. 

Difference  of  time 1  h.  2  h.  3  h. 

Means  of  observed  ratios -498625  -864625  1-000000 

Theoretical  means     -500000  -866025  1-000000 

The  calculated  time  for  the  above-observed  means  differs  less 
than  20"  from  the  actual  time. 

Observed  means -498625      -864625  1-000000 

Theoretical  difference  of  time  .     59' 48"       119' 40"  180' 

Observed  difference  of  time...      60    0         120    0  180 

The  varying  centrifugal  force  to  which  the  earth  is  subjected 
by  the  ellipticity  of  its  orbit,  must  in  like  manner  produce 
annual  tides.  The  disturbing  elements  render  it  impossible  to 
determine  the  average  monthly  height  of  the  barometer  with 
any  degree  of  accuracy,  from  any  observations  that  have  hitherto 
been  made.  We  may,  however,  make  an  interesting  approxima- 
tion to  the  annual  range,  still  using  the  St.  Helena  records,  which 
are  the  most  complete  that  have  yet  been  published  for  any  sta- 
tion near  the  equator.  Comparing  the  mean  daily  range  as  de- 
termined by  the  average  of  the  observations  at  each  hour,  with 
the  mean  yearly  range  as  determined  by  the  monthly  averages, 
we  obtain  the  following  results : — 

Approximate 
Year.        Daily  range.  Annual  range.  Ratio.  solar  distance, 

in.  in.  m. 

1844  -0672        -1650        2-4553       137,070,000 

1845  -0646        -1214        1-8793        80,300,000 

1846  -0670        -1214        1-8120        74,650,000 

3)-1988      3)-4078      3)61466 

•0663  -1359  2-0489  95  445  qqq 

Mean           -0663  _jl290  1-9457  86',056;000 

2)-1326  2)-2649  2)3-9946 

•0663  1324  r9973  90,702,000 

The  approximate  estimates  of  the  solar  distance  are  based  on 
the  following  hypothesis  : — 

Let  e  =  effective  ratio  of  daily  rotation  to  gravity. 

a  =  arc  described  by  force  of  rotation  in  a  given  time  t. 

r  =  radius  of  relative  sphere  of  attraction,  or  distance 
through  which  a  body  would  fall  by  gravity  during 
the  disturbance  of  its  equilibrium  by  rotation. 

A=  area  described  by  radius  vector  in  time  t. 
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Let  e',  a',  r',  A'  represent  corresponding  elements  of  the  annual 
revolution.     Then 


A:  A' 


ar  :  a'  r 


I  J 


e'2. 


But  the  forces  of  rotation  and  revolution  are  so  connected 
that  a  differs  but  slightly  from  a'. 

e"^  :  e^'^  : :  r  :  7-' ,'] 


7^  = 


very  nearly. 


It  may  be  interesting  to  observe  how  nearly  r  (22,738,900 

miles)  corresponds  with   Kirkwood^s  value   of  —    (24,932,000 

miles).  A  more  thorough  comprehension  of  all  the  various  effects 
of  gravity  and  rotation  on  the  atmosphere,  would  probably  lead 
to  modifications  of  our  formulae  that  would  show  a  still  closer 
correspondence. 

There  is  a  great  discrepancy  between  the  determinations  of 
the  solar  distance  that  are  based  on  the  records  of  1844  and  1846 ; 
but  it  is  no  greater  than  we  might  reasonably  have  anticipated. 
On  the  other  hand,  it  could  hardly  have  been  expected  that  any 
comnarisons  based  on  the  observations  of  so  short  a  period  as 
three  years,  would  have  furnished  so  near  an  approximation  to 
the  most  recent  and  most  accurate  determination  of  the  earth's 
mean  radius  vector.  In  order  to  obtain  that  approximation,  it 
will  be  seen  that  I  took,  1st,  the  mean  of  the  ranges  and  ratios 
for  three  successive  years ;  2nd,  the  ranges  and  ratios  of  the 
mean  results  of  the  three  years ;  3rd,  the  grand  mean  of  these 
two  primary  means.  I  could  think  of  no  other  method  which 
would  be  so  likely  to  destroy  the  effects  of  changing  seasons, 
and  other  accidental  disturbances. 

The  following  Table  exhibits  the  effects  of  latitude  on  the 
aerobaric  tides.  The  differences  between  the  theoretical  and 
observed  ranges  may  be  owing  partly  to  the  equatorial-polar 
currents,  and  partly  to  insufficient  observations. 


station. 

Latitude. 

Mean 
height. 

Mean 
range. 

Ratio. 

Theoretical 
ratio. 

•000527 
•002046 
•002079 
•002567 
•002670 

Arctic  Ocean 

Girard  College    ... 

Washington    

St.  Helena 

78°  37 
39  58 
38  53 
15  57 
0 

in. 

29-739 
29-938 
30-020 
28-282 
30-709 

in. 
-012 
-060 
•062 
•066 
■082 

•000404 
•002004 
•002065 
•002344 
•002670 

The  theoretical  ratios  are  determined  by  multiplying  the  equa- 
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torial  ratios  by  -^ .     The  formula  p  =  — g-  •  —^    (p   indicating 
the  ratio  of  the  mean  range  to  the  mean  height)  gives — 


Theoretical 

Observed 

o          / 

ratio. 

ratio. 

Latitude    .., 

..0     0 

•002190 

•002670 

Latitude    .. 

..     78  37 

•000432 

•000404 

showing  that  the  ratio  is  less  near  the  pole  and  greater  near  the 
equator  than  our  theory  indicates,  a  natural  consequence  of  the 
centrifugal  force  at  the  equator  and  the  cold  surface  currents 
that  produce  the  trade-winds. 

The  revolution  of  the  sun  around  the  great  Central  Sun  must 
also  cause  barometric  fluctuations  that  may  possibly  be  measured 
by  delicate  instruments  and  long  and  patient  observation.  The 
Torricellian  column  may  thus  become  a  valuable  auxiliary  in  veri- 
fying or  rectifying  our  estimates  of  the  distances  and  masses  of 
the  principal  heavenly  bodies. 
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Manual  of  the  Metalloids.  By  James  Apjohn,  M.D.,  F.R.S., 
M.R.I. A.,  Professor  of  Chemistry  in  the  University  of  Dublin. 
London  :  Longmans,  1864,  pp.  viii  and  596. 
'^PHIS  work  forms  one  of  the  series  of  Scientific  Manuals  issued 
-*-  under  the  auspices  of  Professors  Galbraith  and  Haughton  of 
Trinity  College,  Dublin.  "With  regard  to  its  intended  scope  and  aim, 
the  author  says,  "  In  preparing  it  my  wish  has  been  to  produce  a 
condensed,  but  at  the  same  time  tolerably  comprehensive  treatise, 
in  which  no  topic  of  importance  should  be  omitted,  while  all  would 
be  discussed  with  as  much  brevity  as  is  consistent  with  clearness. 
It  is  intended  as  a  Handbook  in  Chemistry  for  students  in  Medicine 
and  Engineering,  . .  . .  " 

In  books  intended  for  the  use  of  students,  completeness  in  relation 
to  matters  of  detail  is  unattainable,  and  is  not  even  to  be  desired ; 
but  it  is  very  important  that  such  books  should  be  as  free  as  possible 

from  errors,  and  that  the  knowledge  gained  by  the  study  of  them 

though  necessarily  limited  in  extent — should  be  accurate,  and  should 
serve  as  a  firm  foundation  for  further  acquisitions.  In  such  works 
even  slight  mistakes  often  amount  to  serious  faults  ;  and  thev  are 
the  less  excusable,  since  the  author,  not  being  called  upon  to  enter 
upon  the  more  abstruse  parts  of  the  science,  may  generally  ensure 
accuracy,  upon  the  subjects  of  which  it  is  desirable  that  he  should 
treat,  by  exercising  a  moderate  degree  of  care.  In  the  present 
volume,  errors  in  regard  to  the  simplest  matters  of  fact  are,  unfor- 
tunately, by  no  means  rare,  nor  are  they  all  of  small  importance. 
It  would  be  tedious  to  the  reader  were  we  to  quote  all  the  passages 
upon  which  this  assertion  is  founded  :  the  following  must  suffice  as 
specimens  of  many  more  that  might  be  given. 
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At  page  68  we  read,  "  The  compound,  for  example,  generally 
known  under  the  name  of  Dutch  liquor,  C^  H^  CI2,  reacts  upon  water 
in  the  following  manner  : — 

G,H,C1,  +  H,  O=2CIH  +  €,H,0. 
Now,  viewing  this  latter  substance,  L\  H^  O,  as  a  derivative  of  water, 
it  is  clear  that  O^  H^,  now  called  ethylene,  has  replaced  two  atoms  of 
hydrogen,  and  is  therefore  a  binatomic  body."  What  a  capital  pro- 
cess this  is  for  preparing  oxide  of  ethylene — upon  paper,  and  what  a 
pity  that  it  does  not  answer  equally  well  in  sealed  tubes ! 

On  jiage  232  we  are  told  that  "  the  compounds  of  nitrogen  with 
hydrogen  are  three  in  number,  viz.  amidogen,  ammonia,  and  ammo- 
nium, and  have  their  composition  represented  by  the  following  for- 
mulae : — 

Amidogen    NH.^ 

Ammonia     NH3 

Ammonium NHj." 

A  more  misleading  statement  than  this  could  not  easily  be  put 
before  the  student ;  for  not  only  are  the  first  and  last  of  the  three 
substances  named  completely  unknown,  but  the  whole  analogy  of 
the  ascertained  combining  properties  of  nitrogen  is  against  even  the 
possibility  of  their  existence,  the  most  characteristic  of  all  these 
properties  being  that,  with  elements  of  the  hydrogen-class,  nitrogen 
unites  in  only  one  proportion,  that  namely  of  which  ammonia  is  an 
example.  But  our  author  habitually  pays  little  regard  to  fine-drawn 
distinctions  between  substances  which  are  well  known  as  having  a 
material  existence,  and  those  which  are  at  best  the  convenient  fic- 
tions of  past  or  present  theoretical  systems.  For  instance  (p.  256), 
he  tells  us  that  "  There  are  seven  known  oxides  of  sulphur,  all  of 
which  possess  the  properties  of  acids.  The  name  and  atomic  compo- 
sition of  each  is  given  in  the  subjoined  Table  : — 

Sulphurous  acid SO^ 

Sulphuric  acid    SO^ 

Hyposulphui'ous  acid ^2^2 

Dithionic  acid  (Hyposulphuric)    S^  O5 

Trithi(Jnic  acid   S^  Og 

Tetrathionic  acid    S^  O. 

Pentathionic  acid   Sj  O5. 

The  hyposulphurous  and  pentathionic  acids  are  instances  of  poly- 
meric bodies,  or  of  such  as  have  the  same  percentage  composition, 
but  different  atomic  weights."  At  page  478  occurs  another  example 
of  the  same  kind  :  we  there  read,  "  The  oxides  of  carbon  are  six  in 
number,  and  of  these  all  but  the  first  are  possessed  of  acid  characters. 
They  are — 

Carbonic  oxide     CO 

Carbonic  acid CO., 

Oxalic  acid HO",  C,  O3  -f  2iH0 

Rhodizonic  acid 3  HO,  C^  O^ 

Croconic  acid HO,  Cj  Oj 

Mellitic  acid    HO,  C,  O3." 
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From  these  instances  it  will  be  seen  that  Dr.  Apjohn's  lists  of 
"known  compounds"  include  many  substances  with  which  other 
chemists  are  by  no  means  well  acquainted  :  hence  it  is  natural  that 
he  should  require  to  make  room  for  them  by  ignoring  substances 
which  often  receive  a  considerable  share  of  attention.  Thus 
(p.  502)  the  usual  list  of  hydrocarbons  is  very  much  curtailed  :  we 
are  told  that  "  The  number  of  compounds  of  carbon  and  hydrogen 
is  very  great.  Those  at  present  known  are  reducible  to  three 
groups  : — Those  whose  general  formula  is  Cn  Hn,  those  represented 
by  Cn  Hn+i,  and  those  by  Cn  Hn+o,  n  being  always  an  even  number." 
Again  (pp.  463,  464),  "  The  only  known  compounds  of  boron  with 
the  metalloids  are  the  teroxide,  tersulphide,  terchloride,  and  ter- 
fluoride."  Surely  Dr.  Apjohn  has  heard  of  nitride  of  boron.  No 
similarly  distinct  assertion  is  made  of  the  non-existence  of  hydride 
of  silicon  and  of  the  whole  series  of  compounds  corresponding  with 
an  oxide  containing  half  as  much  oxygen  as  silica,  discovered  a  few 
years  ago  by  Wohler ;  but,  from  the  absence  of  the  slightest  allusion 
to  any  of  these  interesting  substances,  we  must  suppose  that  their 
existence  is  not  yet  recognized  by  our  author. 

If,  from  the  enumeration  of  the  compounds  of  the  various  elements, 
we  turn  to  the  detailed  description  of  their  properties  and  reactions, 
we  find  no  greater  accuracy.  We  will  quote  but  one  passage  in 
illustration  of  this  remark.  It  occurs  on  pages  561  and  562,  and 
refers  to  the  volumetric  process  for  estimating  cyanogen,  in  presence 
of  excess  of  potash,  by  means  of  a  standard  solution  of  nitrate  of 
silver.  "The  free  potash  will  develop  oxide  of  silver;  but  this  is 
immediately  taken  up  by  the  cyanide  of  potassium,  with  a  view  [sic'] 
to  the  formation  of  the  double  cyanide ;  so  that,  as  long  as  there  is 
uncombined  cyanide  of  potassium,  there  will  be  no  permanent  pre- 
cipitate. But  when  the  cyanide  of  potassium  is  altogether  con- 
verted into  the  double  cyanide  of  potassium  and  silver,  if  any  addi- 
tional quantity  of  the  nitrate  be  added,  the  oxide  of  silver  separated 
from  it  by  the  potash  will  appear  as  a  permanent  precipitate."  It  is 
difficult  to  suppose  that  the  writer  of  this  passage  has  ever  performed 
the  operation  he  professes  to  describe,  otherwise  he  could  hardly 
have  failed  to  notice  that  in  reality  it  is  the  white  cyanide  of 
silver,  and  not  the  brown-grey  oxide  which  "appears  as  a  perma- 
nent precipitate." 

But  the  most  remarkable  portions  of  Dr.  Apjohn's  work  are  those 
in  which  he  has  occasion  to  refer  to  the  past  history  of  the  science, 
or  to  record  his  opinion  of  the  works  of  his  contempoi-aries.  At 
page  124,  for  instance,  the  relation  of  Lavoisier  to  the  antiphlogistic 
system  of  chemistry  is  placed  in  a  new  light.  "  Stahl  conceived  that 
combustible  bodies,  such  as  carbon,  sulphur,  phosphorus,  and  iron, 
included  a  fiery  principle,  which  he  called  phlogiston ;  and  that, 
when  they  underwent  combustion,  the  fiery  principle  is  evolved. 
This  phlogistic  theory  is  at  the  present  day  only  interesting  in  con- 
nexion with  the  history  of  chemistry.  It  held,  however,  its  ground 
for  a  long  time,  and  was  only  abandoned  when  it  was  shown  by 
Ray  and  Mayow  that  bodies  in  burning,  instead  of  becoming  lighter, 
augment  in  weight. 
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"  Lavoisier  put  forward  on  this  subject  a  very  plausible  theory, 
which  M^as  founded  on  the  well-known  fact  that,  if  a  gas  be  com- 
pressed, heat  will  be  developed."  This  passage  not  only  contains 
a  totally  inadequate,  and  therefore  erroneous  statement  of  Lavoisier's 
"plausible  theory,"  but  implies  what  is  directly  contrary  to  facts 
well  known  to  all  who  have  paid  any  attention  to  the  history  of 
chemistry — namely,  that  the  phlogistic  theory  held  its  ground  long 
after  it  had  been  discovered  that  combustible  bodies  increase  in 
weight  when  burned,  and  that  this  observation  first  came  to  be 
regarded  as  a  serious  objection  to  the  theory  when  it  was  shown  by 
Lavoisier  to  be  connected  with  the  disappearance  of  part  of  the  atmo- 
sphere in  which  combustion  takes  place. 

Every  one  knows  that  the  discovery  of  the  composition  of  water 
is  attributed  by  some  authorities  to  Cavendish,  and  by  others  to  James 
Watt ;  according  to  Dr.  Apjohn,  similar  rival  claims  have  been  put 
forward  to  the  discovery  of  hydrogen  itself.     He  says  (p.   130), 

"Hydrogen was  first  distinguished  by  Cavendish  in  1766, 

and  to  him  the  credit  of  its  discovery  is  usually  given,  though  in 
modern  times  it  has  been  claimed  for  Watt." 

Further  on  (p.  471)  we  are  told  that  Lavoisier  and  De  Morveau 
burned  the  diamond  in  oxygen  (discovered  by  Priestley  in  August 
1774)  about  the  year  1764.  On  page  212,  the  "difficulty  of  pro- 
curing absolute  nitric  acid,  NOg,  now  called  nihic  anhydride,"  is 
stated  to  have  "been  recently  overcome  by  Naeterer,"  a  chemist 
whose  name  we  do  not  remember  to  have  met  with  before,  while 
nothing  is  said  about  M.  H.  Sainte-Claire  Deville  as  having  had  any- 
thing to  do  with  the  matter. 

After  these  specimens  of  Professor  Apjohn' s  historical  accuracy, 
the  reader  will  not  be  surprised  at  slight  peculiarities  of  spelling  in 
the  names  of  foreign  chemists,  such  as  Schonbein  for  Schonbein, 
Schrotter  for  Schrotter,  or  Lassaign  for  Lassaigne ;  but  unless  he  is 
very  well  acquainted  with  the  Professor's  style,  he  may  be  a  little  at 
a  loss  on  reading  Bertholon  (p.  255,  and  repeated  in  the  index)  in- 
stead of  Berthelot,  or  on  being  told  (p.  407)  that  Lavoisier,  instead  of 
Le  Verrier,  investigated  oxide  of  phosphorus  (or  at  least  a  substance 
so  called). 

We  draw  attention  to  these  matters,  not  because  the  exact  spelling 
of  a  chemist's  name  is  of  much  importance  to  a  student  who  is  be- 
ginning the  study  of  chemistry,  but  because  they  illustrate  the  inac- 
curacy and  carelessness  which  pervade  the  whole  book  and  give  it 
throughout  a  slovenly  air.  Scrupulous  accuracy  in  the  statement  of 
scientific  facts  and  theories  need  not  be  expected  from  an  author  who 
thus  wrongly  names  his  authorities,  or  allows  such  examples  of 
English  composition  as  the  following  to  go  forth  under  his  name  : — 

Page  183.  "  We  now  come  to  consider  the  relative  proportions  of 
the  oxygen  and  nitrogen  of  which  the  atmosphere  is  chiefly  composed. 
This  is  always  done  by  condensing  the  oxygen  of  a  known  volume 
of  atmospherical  air,  and  measuring  the  nitrogen  which  is  left." 

Page  248.  "  Schlossing  has  ascertained  that  distillation  by  heat 
is  not  necessary ;  and  that  a  solution  of  ammoniacal  salt,  to  which 
a  little  hydrate  of  potash  has  been  added,  if  placed  for  twenty-four 
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hours' under  a  glass  bell  with  a  cup  of  dilute  sulphuric  acid,  passes 
completely  from  the  alkaline  to  the  acid  liquid." 

Page  417.  "  Teriodide  of  Phosphorus,  Pl3  =  285.^-This  is  ob- 
tained when  into  a  thin  test-tube,  or  small  flask,  containing  phos- 
phorus, and  from  which  the  air  has  been  displaced  by  dry  carbonic 
acid,  twelve  times  its  weight  of  iodine  is  introduced." 

Page  297.  "  Such  a  result  indeed  is  always  obtained  when  the 
nitric  acid  is  concentrated,  and  that  the  bottle  or  flask  (it  should  be 
a  strong  one)  is  immediately  closed  by  the  pressure  of  the  thumb 
after  the  acid  has  been  introduced." 

In  conclusion,  we  can  conscientiously  say,  after  a  careful  examina- 
tion of  the  book  before  us,  that  we  have  been  unable  to  discover  any 
one  respect  in  which  it  is  superior  to  the  average  of  elementary  works 
on  chemistry,  while,  as  we  have  pointed  out,  it  frequently  falls  below 
the  average.  If  such  a  work  was  to  be  published  at  all,  it  is  to  be 
regretted  that  it  was  issued  as  one  of  a  series  of  educational  works 
which  have  already  acquired  a  certain  reputation  for  general  excel- 
lence, and  are  "  recommended  by  the  Committee  of  Council  on 
Education." 
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February  25,  1864. — Major-General  Sabine,  President,  in  the  Chair. 

'I'^HE  following  communication  was  read : — 
X       "  On  the  supposed  Identity  of  Biliverdin  with  Chlorophyll, 
with  remarks  on  the  Constitution  of  Chlorophyll."    By  G.  G.  Stokes, 
.M.A.,  Sec.R.S. 

I  have  lately  been  enabled  to  examine  a  specimen,  prepared  by 
Professor  Harley,  of  the  green  substance  obtained  from  the  bile, 
which  has  been  named  biliverdin,  and  which  was  supposed  by  Ber- 
zelius  to  be  identical  with  chlorophyll.  The  latter  substance  yields 
with  alcohol,  ether,  chloroform,  &c.,  solutions  which  are  characterized 
by  a  peculiar  and  highly  distinctive  system  of  bands  of  absorption,  and 
by  a  strong  fluorescence  of  a  blood-red  colour.  In  solutions  of  bili- 
verdin these  characters  are  wholly  wanting.  There  is,  indeed,  a 
vague  minimum  of  transparency  in  the  red ;  but  it  is  totally  unlike 
the  intensely  sharp  absorption- band  of  chlorophyll,  nor  are  the  other 
bands  of  chlorophyll  seen  in  biliverdin.  In  fact,  no  one  who  is  in 
the  habit  of  using  a  prism  could  suppose  for  a  moment  that  the  two 
were  identical ;  for  an  observation  which  can  be  made  in  a  few  seconds, 
which  requires  no  apparatus  beyond  a  small  prism,  to  be  used  with  the 
naked  eye,  and  which  as  a  matter  of  course  would  be  made  by  any 
chemist  working  at  the  subject,  had  the  use  of  the  prism  made  its 
way  into  the  chemical  world,  is  sufficient  to  show  that  chlorophyll 
and  biliverdin  are  quite  distinct. 

I  may  take  this  opportunity  of  mentioning  that  I  hare  been  for  a 
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good  while  engaged  at  intervals  with  an  optico-chemical  examination 
of  chlorophyll.  I  find  the  chlorophyll  of  land- plants  to  be  a  mix- 
ture of  four  substances,  two  green  and  two  yellow,  all  possessing 
highly  distinctive  optical  properties.  The  green  substances  yield 
solutions  exhibiting  a  strong  red  fluorescence ;  the  yellow  substances 
do  not.  The  four  substances  are  soluble  in  the  same  solvents,  and 
three  of  them  are  extremely  easily  decomposed  by  acids  or  even  acid 
salts,  such  as  binoxalate  of  potash  ;  but  by  proper  treatment  each 
may  be  obtained  in  a  state  of  very  approximate  isolation,  so  far  at 
least  as  coloured  substances  are  concerned.  The  phyllocyanine  of 
Fremy*  is  mainly  the  product  of  decomposition  by  acids  of  one  of 
the  green  bodies,  and  is  naturally  a  substance  of  a  nearly  neutral 
tint,  showing  however  extremely  sharp  bands  of  absorption  in  its 
neutral  solutions,  but  dissolves  in  certain  acids  and  acid  solutions 
with  a  green  or  blue  colour.  Fremy' s  jifiyiloxantkine  differs  accord- 
ing to  the  mode  of  preparation.  When  prepared  by  removing  the 
green  bodies  by  hydrate  of  alumina  and  a  little  water,  it  is  mainly 
one  of  the  yellow  bodies ;  but  when  prepared  by  hydrochloric  acid 
and  ether,  it  is  mainly  a  mixture  of  the  same  yellow  body  (partly, 
it  may  be,  decomposed)  with  the  product  of  decomposition  by  acids  of 
the  second  green  body.  As  the  mode  of  preparation  oi phylloxan- 
theine  is  rather  hinted  at  than  described,  I  can  only  conjecture 
what  the  substance  is  ;  but  I  suppose  it  to  be  a  mixture  of  the  second 
yellow  substance  with  the  products  of  decomposition  of  the  other 
three  bodies.  Green  seaweeds  {Chlorosperineai)  agree  with  land- 
plants,  except  as  to  the  relative  proportion  of  the  substances  pre- 
sent ;  but  in  olive-coloured  sea-weeds  {Melanospermece)  the  second 
green  substance  is  replaced  by  a  third  green  substance,  and  the  first 
yellow  substance  by  a  third  yellow  substance,  to  the  presence  of 
which  the  dull  colour  of  those  plants  is  due.  The  red  colouring- 
matter  of  the  red  sea-weeds  (Rhodosjjeivnece),  which  the  plants  con- 
tain in  addition  to  chlorophyll,  is  altogether  different  in  its  nature 
from  chlorophyll,  as  is  already  known,  and  would  appear  to  be  an  albu- 
minous substance.  I  hope,  before  long,  to  present  to  the  Royal 
Society  the  details  of  these  researches. 

March  3. — Major-General  Sabine,  President,  in  the  Chair. 

The  following  communication  was  read  : — 

"  On  the  Spectra  of  Ignited  Gases  and  Vapours,  with  especial 
regard  to  the  different  Spectra  of  the  same  elementary  gaseous  sub- 
stance." By  Dr.  Julius  Pliicker,  of  Bonn,  For.  Memb.  R.S.,  and 
Dr.  S.  W.  Hittorf,  of  Munster. 

In  order  to  obtain  the  spectra  of  the  elementary  bodies,  we  may 
employ  either  flame  or  the  electric  current.  The  former  is  the  more 
easily  managed,  but  its  temperature  is  for  the  most  part  too  low  to 
volatilize  the  body  to  be  examined,  or,  if  it  be  volatilized  or  already  in 
the  state  of  gas,  to  exhibit  its  characteristic  lines.  In  most  cases  it 
is  only  the  electric  current  that  is  fitted  to  produce  these  lines ;  and 

*  Comptes  Rendus,  torn.  1.  p.  405. 
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the  current  fiirnished  by  a  powerful  induction  coil  was  what  the 
authors  generally  employed. 

In  the  application  of  the  current,  different  cases  may  arise.  The 
body  to  be  examined  may  be  either  in  the  state  of  gas,  or  capable 
of  being  volatilized  at  a  moderate  temperature,  such  as  glass  will  bear 
without  softening,  or  its  volatilization  may  require  a  temperature  still 
higher. 

In  the  first  two  cases  the  body  is  enclosed  in  a  blown-glass  vessel 
consisting  of  two  bulbs,  with  platinum  wires  for  electrodes,  connected 
by  a  capillary  tube.  In  the  case  of  a  gas,  the  vessel  is  exhausted  by 
means  of  Geissler's  exhauster,  and  filled  with  the  gas  at  a  suitable 
tension.  In  the  case  of  a  solid  easily  volatilized,  a  portion  is  intro- 
duced into  the  vessel,  which  is  then  exhausted  as  highly  as  possible, 
and  the  substance  is  heated  by  a  lamp  at  the  time  of  the  observa- 
tion. In  the  third  case  the  electric  current  is  employed  at  the  same 
time  for  volatilizing  the  body  and  rendering  its  vapour  luminous. 
If  the  body  be  a  conductor,  the  electrodes  are  formed  of  it ;  but  the 
spectrum  observed  exhibits  not  only  the  lines  due  to  the  body  to  be 
examined,  but  also  those  which  depend  on  the  interposed  gas.  This 
inconvenience  is  partly  remedied  by  using  hydrogen  for  the  interposed 
gas,  as  its  spectrum  under  these  circumstances  approaches  to  a  con- 
tinuous one.  If  the  body  to  be  examined  be  a  nou- conductor,  the 
metallic  electrodes  are  covered  with  it.  In  this  case  the  spectrum 
observed  contains  the  lines  due  to  the  metal  of  which  the  electrodes  are 
formed,  and  to  the  interposed  gas,  as  well  as  those  due  to  the  sub- 
stance to  be  examined. 

Among  the  substances  examined,  the  authors  commence  with 
nitrogen,  which  first  revealed  to  them  the  existence  of  two  spectra 
belonging  to  the  same  Substance.  The  phenomena  presented  by 
nitrogen  are  described  in  detail,  which  permits  a  shorter  description 
to  suffice  for  the  other  bodies  examined. 

On  sending  through  a  capillary  tube  containing  nitrogen,  at  a  pres- 
sure of  from  40  to  80  millimetres,  the  direct  discharge  of  a  powerful 
RuhmkorfTs  coil,  a  spectrum  is  obtained  consisting,  both  in  its  more 
and  in  its  less  refrangible  part,  of  a  series  of  bright  shaded  bands : 
the  middle  part  of  the  spectrum  is  usually  less  marked.  In  each  of 
the  two  parts  referred  to,  the  bands  are  formed  on  the  same  type ; 
but  the  type  in  the  less  refrangible  part  of  the  spectrum  is  quite 
different  from  that  in  the  more  refrangible.  In  the  latter  case  the 
bands  have  a  channeled  appearance,  an  effect  which  is  produced  by 
a  shading,  the  intensity  of  which  decreases  from  the  more  to  the  less 
refracted  part  of  each  band.  In  a  sufficiently  pure  and  magnified 
spectrum,  a  small  bright  line  is  observed  between  the  neighbouring 
channels,  and  the  shading  is  resolved  into  dark  lines,  which  are  nearly 
equidistant,  while  their  darkness  decreases  towards  the  least  refracted 
limit  of  each  band.  With  a  similar  power  the  bands  in  the  less 
refrangible  part  of  the  spectrum  are  also  seen  to  be  traversed  by  fine 
dark  lines,  the  arrangement  of  which,  however,  while  similar  for 
the  different  bands,  is  quite  different  from  that  observed  in  the  chan- 
neled spaces  belonging  to  the  more  refrangible  region. 
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If,  instead  of  sending  the  direct  discharge  of  the  induction  coil 
through  the  capillary  tube  containing  nitrogen,  a  Leyden  jar  be 
interposed  in  the  secondary  circuit  in  the  usual  -way,  the  spectrum 
obtained  is  totally  different.  Instead  of  shaded  bands,  we  have  now 
a  spectrum  consisting  of  brilliant  lines  having  no  apparent  relation 
whatsoever  to  the  bands  before  observed.  If  the  nitrogen  employed 
contains  a  slight  admixture  of  oxygen,  the  bright  lines  due  to  oxygen 
are  seen  as  well  as  those  due  to  nitrogen,  whereas  in  the  former 
spectrum  a  slight  admixture  of  oxygen  produced  no  apparent  effect. 

The  different  appearance  of  the  bands  in  the  more  and  in  the  less 
refracted  portion  of  the  spectrum  first  mentioned  suggested  to  the 
authors  that  it  was  really  composed  of  two  spectra,  which  possibly 
might  admit  of  being  separated.  This  the  authors  succeeded  in  effect- 
ing by  using  a  somewhat  wider  tube.  Sent  through  this  tube,  the 
direct  discharge  gave  a  golden-coloured  light,  which  was  resolved  by 
the  prism  into  the  shaded  bands  belonging  to  the  less  refrangible  part 
of  the  spectrum,  whereas  with  a  small  jar  interposed  the  light  was 
blue,  and  was  resolved  by  the  prism  into  the  channeled  spaces  belong- 
ing to  the  more  refrangible  part. 

By  increasing  the  density  of  the  gas  and  at  the  same  time  the 
power  of  the  current,  or  else,  in  case  the  gas  be  less  dense,  by  inter- 
posing in  the  secondary  circuit  at  the  same  time  a  Leyden  jar  and 
a  stratum  of  air,  the  authors  obtained  lines  of  dazzling  brilliancy 
which  were  no  longer  well  defined,  but  had  become  of  appreciable 
breadth,  while  at  the  same  time  other  lines,  previously  too  faint  to 
be  seen,  made  their  appearance.  The  number  of  these  lines,  how- 
ever, is  not  unlimited.  By  the  expansion  of  some  of  the  lines,  espe- 
ciall}^  the  brighter  ones,  the  spectrum  tended  to  become  continuous. 

Those  spectra  which  are  composed  of  rather  broad  bands,  which 
show  different  appearances  according  as  they  are  differently  shaded 
by  fine  dai'k  lines,  the  authors  generally  call  spectra  of  the  Jirst 
order,  while  those  spectra  which  show  brilliant  coloured  lines  on  a 
more  or  less  dark  ground  tliey  call  spectra  of  the  second  order. 

Incandescent  nitrogen  accordingly  exhibits  two  spectra  of  the  first, 
and  one  of  the  second  order.  The  temperature  produced  by  the  pas- 
sage of  an  electric  current  increases  with  the  quantity  of  electricity 
which  passes,  and  for  a  given  quantity  with  the  suddenness  of  the 
passage.  When  the  temperature  produced  by  the  discharge  is  com- 
paratively low,  incandescent  nitrogen  emits  a  golden-coloured  light, 
which  is  resolved  by  the  prism  into  shaded  bands  occupying  chiefly 
the  less  refrangible  part  of  the  spectrum.  At  a  higher  temperature 
the  light  is  blue,  and  is  resolved  by  the  prism  into  channeled  bands 
filling  the  more  refrangible  part  of  the  spectrum.  At  a  still  higher 
temperature  the  s])ectrum  consists  mainly  of  bright  lines,  which 
at  the  liighest  attainable  temperature  begin  to  expand,  so  that  the 
spectrum  tends  to  become  continuous. 

The  authors  think  it  probable  that  the  three  different  spectra 
of  the  emitted  light  depend  upon  three  allotropic  states  which 
nitrogen  assumes  at  different  temperatures. 

By  similar  methods  the  authors  obtained  two  different    spectra 
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of  sulphur,  one  of  the  first  and  one  of  the  second  order.  Tlie  spec- 
trum of  the  first  order  exhibited  channeled  spaces,  like  one  of  the 
two  spectra  of  that  order  of  nitrogen ;  but  the  direction  in  which 
the  depth  of  shading  increased  was  the  reverse  of  what  was  observed 
with  nitrogen,  the  darker  side  of  each  channeled  space  being  in  the 
case  of  sulphur  directed  towards  the  red  end  of  the  spectrum. 

Selenium,  like  sulphur,  shows  two  spectra,  one  of  the  first  and  one 
of  the  second  order. 

Incandescent  carbon,  even  in  a  state  of  the  finest  division,  gives  a 
continuous  spectrum.  Among  the  gases  which  by  their  decomposi- 
tion, whether  in  flame  or  in  the  electric  current,  give  the  spectrum  of 
carbon,  the  authors  describe  particularly  the  spectra  of  cyanogen  and 
olefiaut  gas  when  burnt  with  oxygen  or  with  air,  and  of  carbonic  oxide, 
carbonic  acid,  marsh-gas,  olefiant  gas,  and  methyle  rendered  incan- 
descent by  the  electric  discharge ;  they  likewise  describe  the  spec- 
trum of  the  electric  discharge  between  electrodes  of  carbon  in  an 
atmosphere  of  hydrogen.  The  spectrum  of  carbon  examined  under 
these  various  conditions  showed  great  varieties,  but  all  the  different 
types  observed  were  represented,  more  or  less  completely,  in  the 
spectrum  of  cyanogen  fed  with  oxygen.  The  authors  think  it  pos- 
sible that  certain  bands,  not  due  to  nitrogen,  seen  in  the  flame  of 
cyanogen,  and  not  in  any  other  compound  of  carbon,  may  have  been 
due  to  the  undecomposed  gas. 

The  spectrum  of  hydrogen,  as  obtained  by  a  small  Ruhmkorff's 
coil,  exhibited  chiefly  three  bi'ight  lines.  With  the  large  coil  em- 
ployed by  the  authors,  the  lines  slightly  and  unequally  expanded. 
On  interposing  the  Leyden  jar,  and  using  gas  of  a  somewhat  higher 
pressure,  the  spectrum  was  transformed  into  a  continuous  one,  with 
a  red  line  at  one  extremity,  while  at  a  still  higher  pressure  this  red 
line  expanded  into  a  band. 

The  authors  also  observed  a  new  hydrogen  spectrum,  correspond- 
ing to  a  lower  temperature,  but  having  no  resemblance  at  all  to  the 
spectra  of  the  first  order  of  nitrogen,  sulphur,  &c. 

Oxygen  gave  only  a  spectrum  of  the  second  order,  the  different 
lines  of  which,  however,  expanded  under  certain  circumstances  into 
narrow  bands,  but  very  differently  in  different  parts  of  the  spectrum. 

Phosphorus,  when  treated  like  sulphur,  gave  only  a  spectrum  of 
the  second  order. 

Chlorine,  bromine,  and  iodine,  when  examined  by  the  electric  dis- 
charge, gave  only  spectra  of  the  second  order,  in  which  no  two  of  the 
numerous  spectral  lines  belonging  to  the  three  substances  were  coin- 
cident. The  authors  were  desirous  of  examining  whether  iodine 
would  give  a  spectrum  of  the  first  order  the  reverse  of  the  absorption- 
spectrum  at  ordinary  temperatures.  The  vapour  of  iodine  in  an 
oxyhydrogen  jet  gave,  indeed,  a  spectrum  of  the  first  order,  but  it 
did  not  agree  with  what  theory  might  have  led  us  to  expect. 

In  the  electric  discharge,  arsenic  and  mercury  gave  only  spectra 
of  the  second  order.  The  metals  of  the  alkalies  sodium,  potassium, 
lithium,  thallium  show,  even  at  the  lower  temperature  of  Bunsen's 
lamp,  spectra  of  the  second  order. 
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Barium,  strontium,  calcium  in  the  flame  of  Bunsen's  lamp  show 
bands  like  spectra  of  the  first  order,  and  in  each  case  a  well-defined 
line-like  spectra  of  the  second  order.  On  introducing  chloride  of 
barium  into  an  oxyhydrogen  jet,  the  shading  of  the  bands  was  resolved 
into  fine  dark  lines,  proving  that  the  band  spectrum  of  barium  is  in 
every  respect  a  spectrum  of  the  first  order. 

Spectra  of  the  first  order  were  observed  in  the  case  of  only  a  few 
of  the  heavy  metals,  among  which  may  be  particularly  mentioned  lead, 
which,  when  its  chloride,  bromide,  iodide,  or  oxide  was  introduced 
into  an  oxyhydrogen  jet,  gave  a  spectrum  with  bands  which  had  a 
channeled  appearance  in  consequence  of  a  shading  by  fine  dark 
lines. 

Chloride,  bromide,  and  iodide  of  copper  gave  in  a  Bunsen's  lamp, 
or  the  oxyhydrogen  jet,  spectra  with  bands,  and  besides  a  few  bright 
lines.  The  bands  in  the  three  cases  were  not  quite  the  same,  but 
differed  from  one  another  by  additional  bands.  Manganese  showed 
a  curious  spectrum  of  the  first  order.  When  an  induction  discharge 
passed  between  electrodes  of  copper  or  of  manganese,  pure  spectra  of 
these  metals,  of  the  second  order,  were  obtained. 


March  17. — Major-General  Sabine,  President,  in  the  Chair. 

The  following  communication  was  read  : — 

"  Remarks  on  Sun  Spots."  By  Balfour  Stewart,  M.A.,  F.R.S., 
Superintendent  of  the  Kew  Observatory. 

In  the  volume  on  Sun  Spots  which  Carrington  has  recently  pubj 
lished,  we  are  furnished  with  a  curve  denoting  the  relative  frequency 
of  these  phenomena  from  1760  to  the  present  time.  This  curve 
exhibits  a  maximum  corresponding  to  1788*6.  Again,  in  Dalton's 
*  Meteorology  '  we  have  a  list  of  aurorse  observed  at  Kendal  and  Kes- 
wick from  May  1786  to  May  1793. 

The  observations  at  Kendal  were  made  by  Dalton  himself,  and 
those  at  Keswick  by  Crosthwaite.     This  list  gives — 


For  the  year  1 787  ... .  27auror8e, 
1788....  53      „ 
1789 45       „ 


Fortheyear  1790. . . .  36auror8e; 
1791....  37       „ 
1792. ...  23       „ 


showing  a  maximum  about  the  middle,  or  near  the  end  of  1788. 
This  corresponds  very  nearly  with  1788*6,  which  we  have  seen  is 
one  of  Carrington's  dates  of  maximum  sun  spots. 

The  following  observation  is  unconnected  with  the  aurora  borealis. 
In  examining  the  sun  pictures  taken  with  the  Kew  Heliograph  under 
the  superintendence  of  Mr.DelaRue,  it  appears  to  be  a  nearly  uni- 
versal law  that  the  faculse  belonging  to  a  spot  appear  to  the  left  of 
that  spot,  the  motion  due  to  the  sun's  rotation  being  across  the  pic- 
ture from  left  to  right. 

These  pictures  comprise  a  few  taken  in  1858,  more  in  1859,  a  few  in 
1861,  and  many  more  in  1862  and  1863,  and  they  have  been  care- 
fully examined  by  Mr.  Beckley,  of  Kew  Observatory,  and  myself 
The  following  Table  expresses  the  result  obtained : — 
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No.  of  cases  of 

No 

.  of  cases  of 

No. 

of  cases  of 

No. 

of  cases  of  fa- 

Year. 

facula  to  left 

facula  to  right 

facula  equally  on 

culae  mostly  be- 

of spot. 

of  spot. 

both  sides  of  spot. 

tween  two  spots. 

1858. 

....    2    

.    0    

..    0   

..    0 

1859. 

...18    

.    0    .... 

..   0 

..    3 

1861. 

...    9    

.    1    .... 

..   3   

..   0 

1862. 

...64    

.   4    

..   7 

..    3 

1863. 

..A7 

.  0  .... 

..    9   

..    2 

1864. 

. ..18   

.    1    .... 

..    2   ..... 

..    1 

April  7. — Major-General  Sabine,  President,  in  the  Chair. 

The  following  communication  was  read  : — 

''  Description  of  a  train  of  Eleven  Sulphide-of-Carbon  Prisms 
arranged  for  Spectrum  Analysis."     By  J.  P.  Gassiot,  F.R.S. 

The  principles  which  should  regulate  the  construction  of  a  bat- 
tery of  prisms  have  been  alluded  to  in  the  description  of  the  large 
spectroscope  now  at  Kew  Observatory,  which  has  a  train  of  nine 
dense  glass  prisms  with  refracting  angles  of  45°*. 

While  for  purposes  of  exactitude,  such  as  mapping  out  the  solar 
spectrum,  flint  glass  stands  unrivalled  ;  yet  when  the  greatest  amount 
of  dispersion  is  the  desideratum,  prisms  filled  with  bisulphide  of 
carbon  present  obvious  advantages,  on  account  of  the  enormous  dis- 
persive power  of  that  liquid — the  difference  of  its  indices  of  refrac- 
tion for  extreme  rays  being,  according  to  Sir  David  Brewster,  as 
0-077  against  0-026  for  flint  glass. 

In  the  fluid  prisms  of  the  ordinary  construction,  the  sides  are  ce- 
mented on  with  a  mixture  of  glue  and  honey.  This  cement,  on  har- 
dening, warps  the  sides,  and  confusion  of  the  spectral  lines  is  the 
consequent  result.  To  obviate  this  source  of  error,  it  has  been  pro- 
posed to  attach  an  additional  pair  of  parallel  sides  to  such  prisms,  a 
thin  film  of  castor-oil  being  interposed  between  the  surfaces.  The 
outer  plates  are  then  secured  by  means  of  sealing-wax,  or  some 
cement,  at  the  corners.  In  the  battery  of  prisms  now  about  to  be 
described,  Mr.  Browning  has  dispensed  with  this  attachment  at  the 
corners,  which  is  likely  to  prove  prejudicial,  and  has  secured  the 
second  sides  in  their  proper  position  by  extremely  light  metal  frames 
which  clasp  the  plates  only  on  their  edges. 

Thus  arranged,  the  frames  exert  no  pressure  on  the  surfaces  of 
the  plates,  and  are  quite  out  of  the  field  of  view,  and  they  can  be 
handled  without  any  fear  of  derangement. 

On  account  of  the  lower  refractive  power  of  bisulphide  of  carbon, 
as  compared  with  flint  glass,  a  refractive  angle  of  50°  was  given  to  the 
fluid  prisms.  Eight  such  prisms  would  cause  a  ray  of  light  to  travel 
more  than  a  circle,  and  would  be  the  greatest  number  that  could  be 
employed  had  the  ordinary  arrangement  been  adopted. 

In  place,   however,   of  giving  to  the  fluid  prisms  two  pairs   of 

parallel  sides,  Mr.  Browning,    taking   advantage  of  the  difference 

between  the  refractive  and  dispersive  properties  of  crown  glass  and 

bisulphide  of  carbon,  has  substituted  a  prism  of  crown  glass  having 

*  Phil.  Mag.,  vol.  ixvii.  p.  143. 
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a  refracting  angle  of  6°  for  one  of  the  outer  plates  of  each  prism — 
the  base  of  this  crown-glass  prism  being  brought  to  correspond  with 
the  apex  of  the. fluid  prism,  thus : — 

Crown-glass  prism. 


EMM 


By  this  means  the  angle  of  minimum  deviation  of  the  prisms  is  so 
much  decreased,  that  eleven  of  them  thus  constructed  can  be  used 
in  a  circle  instead  of  eight.  An  increase  of  dispersive  power,  due  to 
refracting  angles  of  150°  of  the  bisulphide  of  carbon,  is  thus  gained, 
minus  only  the  small  amount  of  dispersion  counteracted  owing  to 
the  dispersive  power  of  the  crown-glass  prisms  being  employed  in 
the  contrary  direction. 

From  the  well-known  low  dispersive  power  of  this  medium,  however, 
this  loss  is  inconsiderable,  amounting  to  scarcely  more  than  a  fifteenth 
of  the  power  gained.  Owing  to  the  minimum  angle  of  deviation  being 
lowered,  the  further  advantage  is  also  secured  of  a  larger  field  of  view 
being  presented  to  the  telescope  by  the  first  and  last  jjrism  of  the  train. 

Each  })risin,  in  addition  to  the 
light  metal  frame  referred  to,  has 
a  separate  stand,  furnished  with 
screws  for  adjusting  the  prisms, 
and  securing  them  at  the  angle 
of  minimum  deviation  for  any 
particular  ray.  The  prism  stands 
within  a  stirrup  furnished  with  a 
welled  head.  By  this  arrangement 
the  prisms  can  be  removed  and 
replaced  without  touching  their 
sides — a  matter  of  some  import- 
ance, as  all  fluid  prisms  show  dif- 
ferent results  with  every  change 
of  temperature. 

For  tlie  sake  of  simplicity,  the 

*  Direction  of  ray  as  it  would  pass  through  two  pair  of  parallel  sides, 
t  Direction  of  ray  as  altered  by  interposing  the  crown-glass  prism. 
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metal  framing  of  the  prisms,  and  the  various  adjusting-screws,  have 
been  omitted  in  the  last  sketch. 

The  very  unfavourable  state  of  the  weather  prevented  any  observa- 
tions being  made  on  the  solar  spectrum  with  these  prisms  until 
Saturday  the  12th  inst.  The  results  then  obtained  7nay  probably 
not  be  considered  devoid  of  interest.     They  are  as  follows  : — 

The  prisms  were  arranged  so  as  to  enable  that  portion  of  the  spec- 
trum to  be  observed  in  which  the  well-defined  D  line  of  Fraunhofer 
is  situated.  This  line,  long  since  resolved  as  double,  presented  an 
angular  separation  of  3'  G",  measured  from  the  centre  of  one  to  that 
of  the  other  principal  line,  this  measurement  being  made  by  Mr. 
Balfour  Stewart  by  means  of  the  micrometer  attached  to  the  tele- 
scope ;  the  value  of  the  divisions  of  the  micrometer  he  had  previously 
determined  relatively  to  the  divided  circle  of  the  spectroscope.  A 
centre  line  (clearly  defined  and  figured  in  Kirchhoff  and  Bunsen's 
map)  was  distinctly  visible,  and  nearly  equidistant  from  the  centre 
towards  the  violet ;  five  clearly  defined  lines  were  perceptible,  as  also 
two  faint  lines  on  each  side  of  the  principal  lines,  between  the  centre 
line  of  Kirchhoff  towards  the  red.  Several  faint  lines  were  also  per- 
ceptible. 


The  lines  as  represented  in  the  diagram  were  drawn  by  Mr. 
Whipple,  one  of  the  assistants  in  the  Observatory,  as  they  were 
observed  by  him  about  3.45  p.m  Some  of  these  may  possibly  be 
due  to  the  earth's  atmosphere,  but  the  five  most  refrangible  lines 
were  observed  at  an  earlier  period  of  the  day  by  Mr.  Stewart,  Mr. 
Browning,  and  myself. 

The  great  angular  separation  of  the  double  D  line  to  3'  6"  is  a 
proof  of  the  power  of  this  arrangement  of  the  sulphide-of-carboa 
prisms,  and  offers  the  means  of  mapping  out  the  entire  solar  spectrum 
on  a  scale  not  hitherto  attained. 

Note. — Since  the  preceding  observations  were  recorded,  an  inspec- 
tion has  been  made  of  the  region  of  the  spectrum  towards  the  refran- 
gible side  of  double  D  ;  and,  from  the  comparisons  made  with  a  map 
of  lines  obtained  by  means  of  the  battery  of  glass  prisms  with  that 
given  by  those  of  the  sulphide-of-carbon  prisms,  many  new  lines  are 
produced  in  addition  to  those  observable  by  the  former,  while  the 
battery  of  glass  prisms  itself  gives  a  number  of  additional  lines  to 
those  that  are  depicted  in  Kirchhoff's  map. 
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March  23,  1864. — W.  J.  Hamilton,  Esq.,  President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  "  On  some  new  Fossils  from  the  Lingula-flags  of  Wales."  By 
J.  W.  Salter,  Esq.,  F.G.S.,  A.L.S. 

Since  the  author's  paper  last  session,  on  the  discovery  of  Para- 
doxides  in  Britain,  the  researches  of  Mr.  Hicks  have  brought  to  light 
so  many  new  members  of  the  hitherto  scanty  fauna  of  the  Primordial 
zone,  that  Mr.  Salter  was  now  enabled  to  describe  two  new  genera 
of  Trilobites  and  a  new  genus  of  Sponges,  and  to  complete  the  de- 
scription of  Paradoxides  Davidis.  He  also  remarked  that  the  fauna 
of  the  Lingula-flags  shows  an  approximation,  in  some  of  its  genera, 
to  Lower  Silurian  forms,  and  some  (the  Shells  and  a  Cystidean)  are 
of  genera  common  to  both  formations  ;  but  the  Crustacea,  which  are 
the  surest  indices  of  the  age  of  Palaeozoic  rocks,  are  of  entirely  dis- 
tinct genera ;  and  their  evidence  quite  outweighs  that  of  the  other 
fossils.  The  Primordial  zone  is  moreover  in  Britain,  separated  from 
the  Caradoc  and  Llandeilo  beds  by  the  whole  of  the  Tremadoc  group, 
at  least  2000  feet  thick. 

2.  "  On  the  Millstone-grit  of  North  StaiFordshire,  and  the  ad- 
joining parts  of  Derbyshire,  Cheshire,  and  Lancashire."  By  E. 
Hull,  Esq.,  B.A.,  F.G.S.,  and  A.  H.  Green,  Esq.,  M.A.,  F.G.S. 

In  this  paper  the  Millstone-grit  series  was  described,  from  the 
eastern  edge  of  the  Lancashire  Coal-field  southwards  to  the  Coal- 
fields of  North  Staffordshire, 

After  giving  a  general  sketch  of  the  Geology  of  the  district,  and 
defining  the  upper  and  lower  limits  of  the  Millstone-grit,  the  authors 
explained  a  series  of  sections,  running  from  east  to  west,  at  intervals, 
across  the  country.  In  the  most  northerly  of  these  the  group  con- 
sists of  five  thick  gritstone-beds,  separated  by  seams  of  shale,  and 
attains  a  thickness  of  more  than  2000  feet ;  while  on  the  extreme 
south  all  but  two  of  these  beds  have  thinned  away,  and  the  whole 
thickness  is  there  not  more  than  300  or  400  feet. 

Between  the  base  of  the  Millstone-grit  and  the  Carboniferous 
Limestone  lies  a  group  of  shales  and  sandstones,  with  thin  earthy 
limestones  towards  the  bottom,  which  seem  to  hold  the  place  of  the 
Yoredale  Rocks  of  Yorkshire.  The  mineral  character  of  these  beds 
was  described,  and  their  place  noted  on  the  sections. 

A  short  notice  was  also  given  of  two  small  inliers  of  Carboniferous 
Limestone,  namely,  at  Moxon,  east  of  Leek,  and  at  Astbury,  near 
Congleton. 

April  13. — W.  J.  Hamilton,  Esq.,  President,  in  the  Chair. 

The  following  communications  were  read  : — 
1.  "  On  the  Geology  and  Mines  of  the  Nevada  Territory."     By 
W.  Phipps  Blake,  Esq. 

In  describing  the  physical  features  of  the  country,  the  author 
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observed  that  it  is  an  elevated  semi-desert  region,  composed  of  a 
succession  of  longitudinal  mountain-ranges  with  intermediate  valleys 
and  plains,  the  most  abundant  rocks  being  Metamorphic  and 
Igneous;  but  Tertiary  strata  and  Carboniferous  Limestone  also 
occur. 

The  author  then  described  the  hot  springs,  which  are  extended 
along  a  line  of  fissure  in  a  granitic  rock,  and  parallel  to  the  moun- 
tains, and  which  deposit  silica  in  an  amorphous  and  a  granular 
state,  sulphur  being  also  seen  in  the  cracks  and  cavities  of  the  sili- 
ceous deposit.  He  considered  these  phenomena  to  illustrate  the 
formation  of  a  quartz- vein  in  a  fissure. 

Mr.  Blake  then  gave  an  account  of  certain  mineral  veins  in  por- 
phyry, which  yield  sulphurets  of  silver  (including  crystals  of  Ste- 
phanite,  but  very  little  ruby  silver)  and  a  little  gold ;  also  galena, 
copper  pyrites,  iron  pyrites,  and  a  little  native  silver,  the  veinstone 
being  a  friable  quartz.  The  prevailing  direction  of  the  veins  was 
stated  to  be  nearly  north  and  south  ;  and  the  author  remarked  that 
they  were  richer  in  gold  near  the  surface  than  at  greater  depths. 

2.  "  On  the  Red  Rock  in  the  Section  at  Hunstanton."  By 
Harry  Seeley,  Esq.,  F.G.S.,  of  the  Woodwardian  Museum,  Cam- 
bridge. 

The  physical  structure  of  the  rock  was  first  considered,  and  it  was 
shown  to  be  divisible  into  three  beds,  the  uppermost  of  which  is  of  a 
much  lighter  colour  than  the  rest,  the  middle  being  concretionary  in 
structure,  and  the  lower  sandy.  These  three  beds,  with  the  over- 
lying white  sponge-bed,  were  considered  to  belong  to  one  formation, 
and  were  treated  of  in  this  paper  as  the  Hunstanton  Rock ;  but  the 
thin  band  of  red  chalk  some  distance  above  was  considered,  though 
of  similar  colour,  to  be  quite  distinct,  as  also  was  the  Carstone 
below. 

Mr.  Seeley  then  showed  that  near  Cambridge  the  Shanklin  Sands 
and  the  Gault  have  both  become  very  thin,  so  that  there  is  a  great 
probability  of  the  latter  being  unconformable  to  the  beds  above  as 
well  as  to  those  below.  He  considered  the  lower  part  of  the  Car- 
stone  to  be  of  the  age  of  the  Shanklin  sands.;  and  as  the  Chalk  is 
not  unconformable  to  the  Hunstanton  Rock,  he  concluded  that  the 
latter  could  not  be  the  Gault,  but  must  be  the  Upper  Greensand, — 
a  conclusion  which  he  afterwards  showed  was  supported  by  the 
evidence  of  the  fossils,  and  the  occurrence  of  phosphate  of  lime. 

The  seam  of  soapy  clay  which  separates  the  Hunstanton  Rock 
from  the  Chalk  was  supposed  to  have  resulted  from  the  disintegra- 
tion of  a  portion  of  the  former,  the  red  colour  of  ^which  the  author 
endeavoured  to  show  was  due  to  Glauconite. 

The  upper  part  of  the  red  rock  of  Speeton  was  thought  to  be 
possibly  newer  than  that  of  Hunstanton,  and  perhaps  to  represent 
the  time  which  elapsed  between  the  formation  of  the  latter  and  that 
of  the  band  of  red  chalk. 

In  conclusion,  Mr.  Seeley  remarked  that  as  the  phosphate  of  lime 
is  confined  to  Bed  No.  2,  and  as  many  individuals  of  Gault  species 
occur  in  Bed  No.  3,  while  others  of  a  Chalk  character  are  met  with 
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in  Bed  No.  1,  It  is  very  probable  that  the  Hunstanton  Rock  is  a 
more  typical  example  of  the  Upper  Greensand  than  is  seen  at  Cam- 
bridge, and  may  represent  also  those  periods  which  separate  that 
formation  from  other  divisions  of  the  Cretaceous  system. 

April  27. — W.  J.  Hamilton,  Esq.,  President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  "  On  the  Geology  of  Arisaig,  Nova  Scotia."  By  the  Rev.  D. 
Honeyman,  F.G.S. 

A  careful  examination  of  the  country  in  the  neighbourhood  of 
Arisaig  enabled  the  author  to  construct  three  sections  and  a  map 
showing  the  geological  constitution  of  the  district.  Two  of  these 
sections  were  nearly  parallel  to  one  another,  running  from  N.  to  S., 
and  taken  some  distance  apart,  while  the  third  was  nearly  at  right 
angles  to  the  other  two ;  thus  a  tolerably  accurate  idea  of  the 
geology  of  tlie  country  could  be  obtained.  The  author  described 
each  of  these  sections  In  detail,  giving  lists  of  the  fossils  found  in  the 
different  beds,  wliich  i)roved  them  to  be  of  Upper  Silurian  age ;  and 
he  further  considered  that  they  justified  the  adoption  for  the  sub- 
divisions of  these  Nova-Scotian  Silurians  of  the  terms  May-hill, 
Lower  Ludlow,  Aymestry,  and  Tilestones,  the  first  and  third  of 
which  had  been  used  for  them  previously  by  ]\Ir.  Salter.  Besides 
Silurian  rocks,  there  occurs  in  the  western  part  of  this  district  a 
conglomerate  of  Lower  Carboniferous  age,  while  trap- rocks  occur  on 
the  north  and  south. 

2.  "  On  some  Remains  of  Fishes  from  the  *  Upper  Limestone'  of 
the  Permian  Series  of  Durham."     By  J.  W.  Kirkby,  Esq. 

The  object  of  this  paper  was  to  record  the  discovery  of  Fish- 
remains  in  the  upper  Magnesian  Limestone  of  the  Permian  forma- 
tion, which  is  higher  in  that  series  than  any  vertebrate  remains  had 
been  previously  known  to  occur.  The  strata  exposed  In  the  quarries 
were  described  in  detail,  especially  the  bed  from  which  most  of  the 
Fishes  were  obtained,  and  which  is  known  as  the  "flexible  limestone." 

The  author  stated  that  at  least  nine-tenths  of  the  specimens 
belong  to  Palceoniscus  varians,  the  remainder  belonging  to  two  or 
three  species  of  the  same  genus,  and  to  a  species  of  Acrolepis. 
Detailed  descriptions  of  the  different  species  of  Fishes  were  given,  as 
also  were  short  notices  of  the  species  of  Plants  sometimes  found 
associated  with  them,  one  of  which  he  believed  to  be  Calamites 
arenaceus,  a  Triassic  species.  Tlie  occurrence  of  Palceonisci  with 
smooth  scales  was  stated  to  be  antagonistic  to  Agassiz's  conclusion 
that  the  Permian  species  of  that  genus  have  striated,  and  the  Coal- 
measure  species  smooth  scales.  In  conclusion  Mr.  Kirkby  re- 
marked that  the  fauna  of  the  period  appeared  to  have  an  Estuarine 
fades,  and  he  expressed  his  opinion  that  the  Fishes  were  imbedded 
suddenly,  as  a  result  of  some  general  catastrophe. 

3.  "  On  the  Fossil  Corals  of  the  West  Indian  Islands. — Part  3. 
Mineral  Condition."     By  P.  Martin  Duncan,  M.B.  Lond.,  Sec.  G.S. 

The  results  of  the  process  of  fossllization,  as  seen  in  the  West 
Indian  fossil  Corals,  being  very  remarkable,  and  having  much  ob- 
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scured  their  specific  characters,  thus  rendering  their  determination 
extremely  difficult,  Dr.  Duncan  found  it  necessary  to  thoroughly 
examine  their  diiferent  varieties  of  mineralization,  and  to  compare 
their  present  condition  with  the  different  stages  in  the  decay  and 
fossilization  of  recent  Corals  as  now  seen  in  progress.  Thus  the 
author  was  enahled  to  show  the  connexion  between  the  destruction 
of  the  minuter  structures  of  the  Coral  by  membrane  decomposing 
and  certain  forms  of  fossilization  in  which  those  structures  are  im- 
perfectly preserved  ;  and  he  likewise  stated  that  the  filling-up  of  the 
interspaces  by  granular  carbonate  of  lime  and  other  substances,  as 
well  as  the  induration  of  certain  species,  during  a  "prefossil"  and 
"  post-mortem"  period,  gave  rise  to  certain  varieties  of  fossilization, 
and  that  the  results  of  those  operations  were  perpetuated  in  a  fossil 
state. 

The  forms  of  mineralization  described  by  Dr.  Duncan  are — 
(1)  Calcareous;  (2)  Sihceous  ;  (3)  Siliceous  and  Crystalline;  (4) 
Siliceous  and  Destructive;  (5)  Siliceous  Casts;  (6)  Calcareo- 
siliceous ;  (7)  Calcareo-siliceous  and  Destructive;  (8)  Calcareo- 
siliceous  Casts. 

In  describing  these  forms,  especial  reference  was  made  to  those  in 
which  the  structures  were  more  or  less  destroyed  during  the  re- 
placement (by  silica)  of  the  carbonate  of  lime  which  filled  the  inter- 
spaces, and  during  that  of  the  ordinary  hard  parts  of  the  Coral. 

In  explaining  the  nature  and  mode  of  formation  of  the  large  casts 
of  calices  from  Antigua,  the  author  drew  attention  to  the  fact  that 
the  silicificatiou  is  more  intense  on  the  surface  and  in  the  centre  of 
the  corallum  than  in  the  intermediate  region ;  and,  when  examined 
microscopically,  it  could  be  seen  that  the  replacement  of  the  carbo- 
nate of  lime  began  by  the  silica  apj^earing  as  minute  points  in  the 
centre  of  the  interspaces  and  of  the  sclerenchyma,  and  not  on  their 
surface.  In  conclusion,  the  relation  of  hydrated  silica  to  destruc- 
tive forms  of  fossilization  was  discussed,  together  with  the  influence 
of  all  the  forms  enumerated  above  in  the  preservation  of  organisms, 
and  as  one  cause  of  the  incompleteness  of  the  geological  record. 


IX.  Intelligence  and  Miscellaneous  Articles. 

REMARKS  ON  THE  DISTILLATION  OF  SUBSTANCES  OF  DIFFERENT 
VOLATILITIES.       BY  M.  CAREY  LEA. 

SOME    experiments  which  have  been  recently  published  by  M. 
Berthelot  recall  to  me  a  similar  and  remarkable  case  which 
attracted  my  attention  several  years  ago. 

M.  Berthelot  distilled  92  parts  of  alcohol  and  8  of  water,  and 
found  that  the  distillate  at  the  beginning,  middle,  and  end  of  the 
operation  contained  equal  quantities  of  water  and  of  alcohol. 

He  distilled  also  a  mixture  containing  a  large  quantity  of  sulphide 
of  carbon  and  a  small  quantity  of  alcohol,  and  found  that  the  least 
volatile  body,  the  alcohol,  passed  over  with  the  first  portions  of  the 
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distillate,  so  that  toward  the  end  of  the  operation  the  retort  con- 
tained sulphide  of  carbon  almost  pure. 

To  these  facts,  which  tend  to  cast  the  greatest  doubt  on  all  the 
results  obtained  by  the  laborious  process  of  fractional  distillation,  I 
now  add  the  following. 

When  a  mixture  containing  the  chlorides  of  ethylamine,  diethyl- 
amine,  and  triethylamine  is  distilled  with  caustic  alkali,  we  should, 
according  to  received  ideas,  expect  to  find  the  ethylamine,  which  is 
a  gas  at  ordinary  temperatures,  distil  over  first.  Triethylamine, 
which  is  at  ordinary  temperatures  and  pressures  a  liquid,  separates 
as  such  when  a  strong  solution  of  its  chloride  is  treated  with  caustic 
alkali,  and,  floating  on  the  surface,  as  I  have  before  pointed  out,  we 
would  naturally  expect  to  find  it  principally  in  the  latter  stages  of 
the  distillation.  The  contrary  is,  however,  the  case  when  the  less 
substituted  ammonias  predominate  in  quantity.  Almost  the  whole 
of  the  triethylamine  passes  over  in  the  first  portions  of  the  distillate, 
and  subsequent  ones,  though  rich  in  ethylamine  and  diethylamine, 
scarcely  contain  a  trace  of  triethylamine. — Silliman's  American  Jour- 
nal, May  1864, 


NOTE  ON  THE  RESIDUAL  CHARGE  OF  ELECTRICAL  CONDENSERS. 
BY  M.  J.  M.  GAUGAIN. 

When  after  having  discharged  a  Ley  den  jar  it  is  left  to  itself 
and  after  some  time  a  new  metallic  connexion  is  established  between 
its  armatures,  we  all  know  that  a  second  spark  is  obtained,  less 
strong  than  the  first.  This  fact,  generally  known  as  the  secondary 
discharge,  has  been  designated  by  Mr.  Faraday  the  residual  charge. 
I  have  adopted  this  latter  name,  slightly  modifying  the  sense,  to 
designate,  not  the  quantity  of  electricity  which  passes  in  a  second 
discharge,  but  all  that  remains  after  the  original  discharge,  a  quan- 
tity which  may  give  rise  to  a  multitude  of  successive  secondary 
discharges. 

The  existence  of  the  residual  charge  is  generally  explained  by 
saying  that  part  of  the  electricity  of  the  armatures  penetrates  slowly 
into  the  interior  of  the  dielectric  when  the  cond^ser  is  charged, 
and  that  this  portion,  slowly  absorbed,  is  restored  with  equal  slow- 
ness. But  this  explanation  can  certainly  not  apply  to  the  experi- 
ments of  which  I  am  about  to  speak  ;  for  these  experiments  have 
been  made  in  such  conditions  that  the  electricity  of  the  armatures 
could  not  communicate  itself  to  the  dielectric,  and  yet  the  residual 
charge  formed  in  certain  cases  more  than  three-quarters  of  the  total 
charge. 

I  worked,  as  in  my  former  researches,  on  small  fulminating 
panes,  with  moveable  armatures  :  in  certain  cases  the  armatures  were 
applied  directly  to  the  dielectric  ;  in  other  cases  they  were  separated 
by  small  layers  of  air  of  uniform  thickness.  The  general  results 
"were  the  same  in  either  case. 

In  a  first  series  of  researches  I  proposed  to  ascertain  according  to 
what  law  the  residual  charge  varies  when  the  duration  of  the  charge 
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varies — that  is,  the  time  during  which  the  condenser  is  in  connexion 
with  the  electrical  source.  I  suppose  the  tension  of  this  source  to 
be  invariable,  as  is  the  duration  of  the  discharge.  This  was  always 
a  fraction  of  a  second,  the  same  in  all  the  experiments.  The  ob- 
servations were  made  in  the  following  manner. 

The  lower  armature  of  the  fulminating  pane  on  which  I  worked 
being  in  connexion  with  the  ground,  I  connect  for  a  definite  time 
the  upper  armature  with  a  source  of  constant  tension ;  the  con- 
denser once  charged,  I  detach  the  upper  armature,  and  measure  its 
total  charge  by  the  method  which  I  have  called  gauging. 

Secondly,  after  this  first  operation,  and  when  the  dielectric  has 
reverted  to  the  neutral  state,  I  charge  the  condenser  again  for  the 
same  time  as  at  first,  then  I  discharge  it  immediately  by  connecting 
for  an  instant  the  armatures ;  that  done,  I  remove  the  higher  arma- 
ture, and  gauge  the  quantity  of  electricity  which  it  retains ;  this 
quantity  represents  the  residual  charge  according  to  the  definition 
given  above. 

When  this  double  series  of  operations  is  performed  on  the  same 
condenser,  giving  successively  different  values  to  the  duration  of  the 
discharge,  this  very  simple  result  is  attained — that  the  difference  be- 
tween the  total  and  the  residual  charge  is  constant.  This  difference, 
which  represents  the  quantity  of  electricity  which  has  disappeared 
in  an  instantaneous  discharge,  is  precisely  equal  to  the  total  instan- 
taneous charge.  I  denote  in  this  manner  the  quantity  of  electricity 
which  the  influencing  armature  would  receive  if  the  condenser,  com- 
pletely discharged,  were  put  in  connexion  with  the  source  of  elec- 
tricity during  a  small  interval  of  time  equal  to  that  taken  for  the 
discharge.  This  law  was  verified  by  a  great  number  of  experiments, 
and  on  very  different  dielectrics.  I  worked  successively  on  disks  of 
shellac,  of  stearic  acid,  and  of  gutta  percha,  and  on  a  cake  made  of 
flour  of  sulphur  moistened  by  salad  oil.  I  give  the  results  obtained 
by  a  series  of  experiments  made  with  the  latter  substance  : — 

Dm-ation  of  Total  Residual  Differ- 

the  charge.  charge.  charge.  ence. 

Fraction  of  a  second    26  . .  26 

2  minutes 44  18  26 

4  minutes 49  23  26 

8  minutes 55  28  27 

16  minutes 59  33  26 

The  difference  between  the  total  and  the  residual  discharge  was 
sensibly  the  same  for  all  durations  of  the  charge,  and  equal  to  26, 
a  number  which  exactly  represents  the  total  instantaneous  charge. 

Although  observation  alone  would  liave  enabled  me  to  ascertain 
this  relation,  it  is  easy  to  see  d.  priori  that  it  must  exist  if  the  bodies 
called  insulating  are  generally  formed,  as  I  have  been  led  to  admit, 
of  many  elements  of  very  different  conductibilities. 

In  the  experiments  I  have  just  cited,  the  condenser  was  charged 
for  a  more  or  less  long  time,  but  always  discharged  immediately 
after  being  separated  from  the  electric  source.     In  another  series  of 
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researches  the  condenser  was  always  charged  for  the  same  time, 
and  discharged  during  the  same  fraction  of  a  second  ;  but  the  dis- 
charge was  separated  from  the  charge  by  longer  or  shorter  intervals. 
This  kind  of  observation  appeared  to  me  very  suitable  for  putting 
in  evidence  the  true  origin  of  the  residual  charge. 

I  shall  cite  the  results  of  a  series  of  experiments  in  which  the 
duration  of  the  charge  was  limited,  like  that  of  the  discharge,  to  a 
fraction  of  a  second ;  the  dielectric  was  a  disk  of  shellac  6  millims. 
in  thickness. 

1 .  The  condenser  was  charged  and  gauged  immediately  after : 
the  total  charge  was  45. 

2.  The  condenser,  after  being  charged,  was  left  to  itself  for  15 
minutes,  and  gauged  at  the  end  of  this  time :  the  total  charge  was 
again  45. 

3.  The  condenser  was  discharged  immediately  after  being  charged : 
the  residual  charge  was  zero. 

4.  Lastly,  the  condenser  was  discharged  15  minutes  after  the 
charge:  the  residual  charge  was  27. 

Experiments  1  and  2  prove  clearly  that  in  the  interval  of  15 
minutes  the  armature  gauged  loses  nothing  of  its  charge,  and  that 
therefore  no  api)reciable  absorption  is  exerted  by  the  shellac ;  and 
yet  it  follows,  from  experiments  3  and  4,  that  in  this  time  of  15 
minutes  the  residual  charge  rose  from  zero  to  27.  This  increase  of 
residual  charge  can  only  depend  on  a  different  arrangement  of  elec- 
tricity in  the  interior  of  the  dielectric.  When  the  charge  has  only 
been  maintained  for  an  instant,  the  parts  of  the  dielectric  which 
possess  a  great  conductibility  alone  participate  in  the  transmission 
of  the  influence;  and  as  an  instant  is  sufficient  to  polarize  them, 
an  instant  is  sufficient  to  restore  them  to  the  neutral  state.  If,  on 
the  contrary,  the  ajjparatus  has  been  charged  for  a  sufficiently  long 
time,  the  elements  endowed  with  a  feeble  conductibility  come  into 
play  ;  and  as  they  cannot  be  restored  to  the  neutral  state  in  a  very 
short  time,  they  retain  after  the  discharge  almost  all  the  electricity 
tliey  had  before.  Tliis  electricity  retains  a  portion  of  the  electricity 
of  opposite  kind  which  is  accumulated  on  the  armature. 

The  residual  charge  is  thus  seen  not  to  depend  on  a  property  of 
absorption  specially  belonging  to  insulating  bodies ;  it  depends 
simply  on  electrical  movements  which  take  place  in  the  interior  of 
these  bodies  in  virtue  of  their  conductibility. —  Comptes  Rendus, 
May  2,  1864. 


ON  THE  BOILING  OF  WATER,  AND  ON  THE  EXPLOSION  OF  STEAM- 
BOILERS.       BY  M.  L.  DUFOUR  OP  LAUSANNE. 

In  the  experiments  which  I  have  had  the  honour  of  communi- 
cating to  the  Academy,  I  have  shown  that  the  boiling-point  of 
water  and  of  other  liquids  may  experience  considerable  retardation 
when  these  liquids  are  heated  in  the  body  of  another  liquid  of  the 
same  density  and  without  touching  the  sides  of  the  vessels.  In  this 
mode  of  heating  the  liquids,  it  cannot  be  said  that  their  boiling  is 
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produced  at  a  fixed  point ;  the  change  of  state  becomes  possible 
when  the  temperature  can  give  to  the  vapour  an  elastic  force  equal 
to  the  external  pressure ;  but  this  change  takes  place  only  very 
rarely  at  the  exact  point  at  which  its  possibility  commences. 

With  a  view  to  the  study  of  ebullition,  I  have  undertaken  a  great 
number  of  experiments ;  and  among  others,  I  have  endeavoured  to 
study  ebullition  by  arriving  at  this  phenomenon  rather  by  a  change 
of  pressure,  which  the  liquid  undergoes,  than  by  an  increase  of 
its  temperature.  The  apparatus  resembles,  with  certain  modifica- 
tions, that  which  M.  Regnault  used  in  studying  the  elastic  force 
of  aqueous  vapour.  A  slieet-iron  vessel  communicates,  by  suit- 
able tubes,  (1)  with  an  air-pump,  (2)  with  a  mercury  manometer, 
(3)  with  a  glass  retort.  In  this  retort  were  placed  the  liquids  expe- 
rimented upon,  and  a  thermometer  with  a  small  reservoir  plunged  in 
the  interior.  By  means  of  stopcocks,  suitably  arranged,  the  various 
parts  of  the  apparatus  could  be  connected.  An  observation  of  the 
manometer  and  of  an  external  barometer  obviously  gave,  at  any 
moment,  the  external  pressure  of  the  apparatus. 

Studied  under  these  circumstances,  the  boiling  of  water  presents 
some  characters  worthy  of  attention.  In  the  case  of  distilled  water, 
it  is  soon  seen  that  after  a  first  heating  to  100°,  boiling  obtained 
by  diminution  of  pressure  is  only  produced  at  the  temperature 
which  the  known  law  requires.  Water  remains  liquid  although 
the  pressure  is  far  below  the  tension  of  aqueous  vapour  for  the 
temperature  in  question.  When  boiling  commences,  it  is  produced 
with  tremulous  violence,  and  usually  part  of  the  liquid  is  carried  into 
the  tubes  with  the  first  burst  of  vapour.  These  retardations  are 
then  more  pronounced  the  more  frequently  water  has  been  raised  to 
a  high  temperature.  They  are  more  considerable  when  the  water 
has  been  alternately  heated  to  110°  and  then  cooled  in  the  apparatus 
a  certain  number  of  times  before  being  submitted  to  the  test  of  dimi- 
nution of  pressure.  The  following  are  some  examples  in  which  are 
noted  in  three  successive  columns,  (1)  the  temperature  of  the 
liquid  when  boiling  commences ;  (2)  the  pressure  at  this  time  ; 
(3)  the  temperature  at  which  normal  ebullition  would  take  place 
for  this  pressure  : — 

„  mm.  „ 


71 

175 

64 

57 

75 

46 

66 

108 

53-5 

90-5 

335 

78-7 

53 

37 

33 

Retardations  of  7°,  11°,  ll°-8,  20°,  &c.  are  thus  seen;  that 
is,  far  more  considerable  than  those  observed  for  water  in  glass 
vessels  when  ebullition  is  attained  by  reheating. 

Taking  ordinary  water,  not  distilled,  and  even  tolerably  calcareous, 
the  same  facts  are  observed  ;  but  it  is  necessary  that  the  water  should 
have  been  two  or  three  times  heated  to  boiling,  then  cooled  in  the 
vessel,  or  submitted  to  a  very  prolonged  ebullition  before  being  sub- 
mitted to  diminutions  of  pressure.     Normal  ebullition  is  less  rare 
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than  with  distilled  water ;  but  nevertheless  very  frequent  retarda- 
tions of  10°,  13°,  and  more  are  seen,  as  in  preceding  experiments. 

The  presence  of  platinum,  and  in  general  of  metallic  substances, 
is  known  to  have  the  reputation  of  hindering  retardations  of  ebul- 
lition in  glass  vessels ;  and  for  a  long  time  platinum  wires  have 
been  used  in  concentrating  liquids  to  prevent  them  from  jumping 
over.  Platinum  wires  placed  in  distilled  water  hinder,  in  fact,  these 
retardations  from  being  produced  when,  after  having  been  heated 
once  or  twice  to  100°,  water  is  subjected  to  a  diminution  of 
pressure.  But  if  the  liquid  containing  platinum  wire  is  heated  to 
boiling  for  several  times,  and  then  allowed  to  cool — if  especially 
platinum  is  for  some  days  in  contact  with  water  at  the  bottom  of 
the  vessel,  it  is  soon  seen  that  the  metal  has  become  inactive,  and 
then  delays  are  observed  as  considerable  as  if  water  alone  were  in  the 
retort.  If  ordinary  water  is  taken  abundantly  carbonated,  if  along 
with  it  various  solid  bodies  are  introduced,  facts  are  observed  ana- 
logous to  that  which  has  been  mentioned  in  the  case  of  platinum. 
I  have  tried  pieces  of  iron,  lead,  tin,  zinc,  copper,  &c.  ;  fragments 
of  chalk,  of  wood,  of  quartz,  paper,  &c.  In  the  first  reheating,  the 
presence  of  these  bodies  prevents  any  retardation,  and  ebullition 
takes  place  at  the  exact  point  at  which  the  temperature  of  the  liquid 
imparts  to  the  vapour  an  elastic  force  equal  to  the  superficial  pres- 
sure. But  if  they  are  left  for  some  time  in  cuntact  with  water, 
heated  four  or  five  times  to  ebullition,  the  contact  of  all  these  bodies 
appears  to  have  become  indiiFerent,  and  the  liquid  furnishes  then 
very  frequent  examples  of  the  retardation  of  ebullition.  The  fol- 
lowing are  some  examples  in  which  the  retort  contained  ordinary 
water,  with  fragments  of  iron,  platinum,  lead,  chalk,  and  wood: — 

o  mm.  o 

74  217  68-5 

85  171  63-2 

67  71  45 

72  87  49. 

These  correspond  to  retardations  of  5°-5,  21°-8,  22°,  23°.  Ebul- 
lition then  commenced,  sometimes  spontaneously,  sometimes  by 
a  blow  given  to  the  vessel ;  it  was  always  very  tumultuous  and 
violent,  almost  explosive. 

These  facts  and  others  relative  to  other  liquids,  show  that  the 
ordinary  law  regarding  the  boiling-point  of  a  liquid  in  reference  to 
its  pressure  can  only  apply  when  ebullition  is  arrived  at  by  a  change 
in  pressure  rather  than  by  a  variation  of  temperature.  These  facts 
show,  moreover,  that  water  is  susceptible  of  presenting  great  re- 
tardation in  its  ebullition,  even  when  in  contact  with  any  metals 
and  solid  substances.  Glass  and  porcelain  vessels  form  by  no  means 
an  exception.  Lastly,  it  is  seen  that  the  contact  of  solids  is  some- 
times active  and  sometimes  indifferent ;  and  by  analyzing  the  expe- 
riments of  which  I  have  given  extracts,  it  is  soon  seen  that  the  very 
probable  cause  of  this  change  of  influence  is  the  presence  or  absence 
round  these  solids  of  a  more  or  less  condensed  gaseous  atmosphere. 
— Comptes  Rendus,  May  30,  1864, 
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X.  On  the  Absorption  and  Radiation  of  Heat  by  Gaseous  and 
Liquid  Mattel'. — Fourth  Memoir.  By  John  Tyndall, 
F.R.S.,  ^c* 

THE  Royal  Society  has  already  done  me  the  honour  of  pub- 
lishing in  the  Philosophical  Transactions  three  memoirs 
on  the  relations  of  radiant  heat  to  the  gaseous  form  of  matter. 
In  the  first  of  these  memoirsf  it  was  shown  that  for  heat  ema- 
nating from  the  blackened  surface  of  a  cube  filled  with  boiling 
water,  a  class  of  bodies  which  had  been  previously  regarded  as 
equally,  and  indeed,  as  far  as  laboratoi'y  experiments  went,  per- 
fectly diathermic,  exhibited  vast  differences  both  as  regards  radia- 
tion and  absorption.  At  the  common  tension  of  one  atmosphere 
the  absorptive  energy  of  olefiant  gas,  for  example,  was  found  to 
be  290  times  that  of  air,  while  when  lower  pressures  were  em- 
ployed the  ratio  was  still  greater.  The  reciprocity  of  absorption 
and  radiation  on  the  part  of  gases  was  also  experimentally  esta- 
blished in  this  first  investigation. 

In  the  second  inquiry  J  I  employed  a  different  and  more 
powerful  source  of  heat,  my  desire  being  to  bring  out  with  still 
greater  decision  the  differences  which  revealed  themselves  in  the 
first  investigation.  By  carefully  purifying  the  transparent  ele- 
mentary gases,  and  thus  reducing  the  action  upon  radiant  heat, 
the  difference  between  them  and  the  more  strongly  acting  com- 
pound gases  was  greatly  augmented.  In  this  second  inquiry, 
for  example,  olefiant  gas  at  a  pressure  of  one  atmosphere  was 

*  From  the  Philosophical  Transactions,  Part  II.  1864,  having  been  read 
at  the  Royal  Society  June  18,  1863. 

t  Phil.  Trans.  February  1861 ;  and  Phil.  Mag.  September  1861. 

X  Phil.  Trans.  January  1862;  and  Phil.  Mag.  October  1862. 
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shown  to  possess  970  times  the  absorptive  energy  of  atmospheric 
air,  while  it  was  shown  to  be  probable  that,  when  pressures  of 
^^yth  of  an  atmosphere  were  compared,  the  absorption  of  olefiant 
gas  was  nearly  8000  times  that  of  air.  A  column  of  ammoniacal 
gas,  moreover,  3  feet  long,  was  found  sensibly  impervious  to  the 
heat  employed  in  the  inquiry,  while  the  vapours  of  many  of  the 
volatile  liquids  were  proved  to  be  still  more  opake  to  radiant  heat 
than  even  the  most  powerfully  acting  permanent  gases.  In  this 
second  investigation,  the  discovery  of  dynamic  radiation  and 
absorption  is  also  announced  and  illustrated,  and  the  action  of 
odours  and  of  ozone  on  radiant  heat  is  made  the  subject  of  expe- 
riment. 

The  third  paper  *  of  the  series  to  which  I  have  referred  was 
devoted  to  the  examination  of  one  particular  vapour,  which,  on 
account  of  its  universal  diffusion,  possesses  an  interest  of  its  own 
— I  mean  of  course  the  vapour  of  water.  In  this  paper  I  con- 
sidered all  the  objections  which  had  been  urged  against  my 
results  up  to  the  time  when  the  paper  was  written ;  I  replied  to 
each  of  them  by  definite  experiments,  removing  them  one  by 
one,  and  finally  placing,  as  I  believe,  beyond  the  pale  of  reason- 
able doubt  the  action  of  the  aqueous  vapour  of  our  atmosphere. 
In  this  third  paper,  moreover,  the  facts  established  by  experi- 
ment are  applied  to  the  explanation  of  various  atmospheric  phe- 
nomena. 

I  have  now  the  honour  to  lay  before  the  Royal  Society  a  fourth 
memoir,  containing  an  account  of  further  researches.  Hitherto 
I  have  confined  myselfto  experiments  on  radiation  through  gases 
and  vapours  which  were  introduced  in  succession  into  the  same 
experimental  tube,  the  heat  being  thus  permitted  to  pass  through 
the  same  thickness  of  different  gases.  A  portion  of  the  present 
inquiry  is  devoted  to  the  examination  of  the  transmission  of 
radiant  heat  through  different  thicknesses  of  the  same  gaseous 
body.  The  brass  tube  with  which  my  former  experiments  were 
conducted  is  composed  of  several  pieces,  which  are  screwed 
together  when  the  tube  is  to  be  used  as  a  whole ;  but  the  pieces 
may  be  dismounted  and  used  separately,  a  series  of  lengths 
being  thus  attainable,  varying  from  2*8  inches  to  49*4  inches. 
I  wished,  however,  to  operate  upon  gaseous  strata  much  thinner 
than  the  thinnest  of  these ;  and  for  this  purpose  a  special  appa- 
ratus was  devised,  and  with  much  time  and  trouble  rendered 
at  length  practically  effective. 

The  apparatus  is  sketched  in  fig.  1 .     C  is  the  source  of  heat, 

which  consists  of  a  plate  of  copper  against  the  back  of  which  a 

steady  sheet  of  flame  is  caused  to  play.      The  plate  of  copper 

forms  one  end  of  the  chamber  F  (the  "front  chamber"  of  my 

*  Phil.  Trans.  December  1862;  and  Phil.  Mag.  July  1863. 


of  Heat  by  Gaseous  and  Liquid  Matter. 


83 


former  memoirs).     This  chamber,  as  in  ray  previous  investiga- 
tions, passes  through  the  vessel  V,  through  which  cold  water 


continually  circulates,  entering  at  the  bottom  and  escaping  at 
the  top.  The  heat  is  thus  prevented  from  passing  by  conduction 
from  the  source  C  to  the  first  plate  of  rock-salt  S.  This  plate 
forms  the  end  of  the  hollow  cylinder  A  B,  dividing  it  from  the 

G2 
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front  chamber  F,  with  which  the  cylinder  A  B  is  connected  by 
suitable  screws  and  washers.  Within  the  cylinder  A  B  moves  a 
second  one,  1 1,  as  an  air-tight  piston,  and  the  bottom  of  the 
second  cylinder  is  stopped  by  the  plate  of  rock-salt  S'.  This 
plate  projects  a  little  beyond  the  end  of  the  cylinder,  and  thus 
can  be  brought  into  flat  contact  with  the  plate  S.  Fixed  firmly 
to  A  B  is  a  graduated  strip  of  brass,  while  fixed  to  the  piston  is 
a  second  strip,  the  two  strips  forming  a  vernier,  vv.  By  means 
of  the  pinion  R,  which  works  in  a  rack,  the  two  plates  of  salt  may 
be  separated,  their  exact  distance  apart  being  given  by  the  ver- 
nier. P  is  the  therino  -electric  pile  with  its  two  conical  reflectors ; 
C  is  the  compensating  cube,  employed  to  neutralize  the  radiation 
from  the  source  C.  II  is  an  adjusting  screen,  by  the  motion  of 
which  the  neutralization  may  be  rendered  perfect,  and  the  needle 
brought  to  zero  under  the  influence  of  the  two  opposing  radia- 
tions. The  graduation  of  the  vernier  was  so  arranged  as  to 
permit  of  the  emi)loymcnt  of  plates  of  gas  varying  from  0*01  to 
2*8  inches  in  thickness.  They  were  afterwards  continued  with 
the  pieces  of  the  experimental  tube,  already  referred  to,  and  in 
this  way  layers  of  gas  were  examined  which  varied  in  thickness 
in  the  ratio  of  1  :  4900. 

In  my  former  experiments  the  chamber  F  was  always  kept 
exhausted,  so  that  the  rays  of  heat  passed  immediately  from  the 
source  through  a  vacuum ;  but  in  the  pi'esent  instance  I  feared 
the  strain  upon  the  plate  S,  and  I  also  feared  the  possible  intru- 
sion of  a  small  quantity  of  the  gas  under  examination  into  the 
front  chamber  F,  if  the  latter  were  kept  exhausted.  Having 
established  the  fact  that  a  length  of  8  inches  of  dry  air  exerts  no 
sensible  action  on  the  rays  of  heat,  I  had  no  scruple  in  filling 
the  chamber  F  with  dry  air.  Its  absorption  was  nil,  and  it  merely 
had  the  efl'ect  of  lowering  in  an  infinitesimal  degree  the  tempe- 
rature of  the  source.  The  two  stopcocks  c  and  c'  stand  exactly 
opposite  the  junction  of  the  two  plates  of  salt  S,  S'  when  they 
are  in  contact,  and  when  they  are  drawn  apart  these  cocks  are  in 
communication  with  the  space  between  the  plates. 

After  many  trials,  the  following  mode  of  experiment  was 
adopted : — The  gas-holder  containing  the  gas  to  be  examined 
was  connected  by  an  india-rubber  tube  with  the  cock  c/,  the  other 
cock  c  being  at  the  same  time  left  open.  The  piston  was  then 
moved  by  the  screw  B  until  the  requisite  distance  between  the 
plates  was  obtained.  This  space  being  filled  with  dry  air,  the 
radiations  on  the  two  faces  of  the  pile  were  equalized,  and  the 
needle  brought  to  zero.  The  gas-holder  was  now  opened,  and 
by  gentle  pressure  the  gas  from  the  holder  was  forced  first 
through  a  drying  apparatus,  and  then  into  the  space  between 
the  plates  of  salt.     The  air  was  quickly  displaced,  and  a  plate  of 
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the  gas  substituted  for  it.  If  the  layer  of  gas  possessed  any 
sensible  absorbing  power,  the  equilibrium  of  the  two  sources  of 
heat  would  be  destroyed;  the  source  C  would  triumph,  and 
from  the  deflection  due  to  its  preponderance  the  exact  amount 
of  heat  intercepted  by  the  gas  could  be  calculated. 

When  oxygea,  hydrogen,  or  nitrogen  was  substituted  for 
atmospheric  air,  no  change  in  the  position  of  the  galvanometer- 
needle  occurred ;  but  when  any  one  of  the  compound  gases  was 
allowed  to  occupy  the  space  between  the  plates,  a  measurable 
deflection  ensued.  The  plates  of  rock-salt  were  not  so  smooth, 
nor  was  their  parallelism  so  perfect  as  entirely  to  exclude  the 
gas  when  they  were  in  contact.  The  contact  was  but  partial, 
and  hence  a  stratum  of  gas  sufficient  to  eflect  a  sensible  absorp- 
tion could  find  its  way  between  the  plates  even  when  they  touched 
each  other.  On  this  account  the  first  thickness  in  the  following 
Tables  was  really  a  little  more  than  0-01  of  an  inch.  The  first 
column  in  each  contains  the  thickness  of  the  gaseous  layer,  while 
the  second  column  contains  the  absorption  expressed  in  hun- 
dredths of  the  total  radiation.  The  first  layer  of  carbonic  oxide, 
for  example,  absorbed  0*2,  and  the  second  layer  0'5  per  cent,  of 
the  entire  heat. 


Table  I. — Carbonic  Oxide. 


Thickness  of 
gas. 

0"01  of  an  inch 

003 

003 

004 

006 

0-1 
0-3 


Absorption  in 

hundredths  of 

the  total 

radiation. 

02 

0-5 

0-7 

0-9 

1-4 

1-6 

3  0 


Absorption  in 
Thickness  of      hundredths 
gas.  of  the  total 

radiation. 
04  of  an  inch      3'5 


0-5 
0-6 
]-0 
1-5 
2-0 


3-8 
4-0 
5-1 
6-1 
6-8 


Table  II. — Carbonic  Acid. 


O'Ol  of  an  inch 

002 

003 

0-04         „ 

005 

006 

01 
0-2 
0-3 


0-86 

1-2 

1-5 

1-9 

2-1 

2-3 

33 

4-1 

4-8 


0-4  of  an  inch 

5-3 

0-5         „ 

5-7 

0-6         „ 

5-9 

0-7         „ 

60 

0-8         „ 

61 

0-9         „ 

6-2 

1-0         „ 

6-3 

1-5         „ 

7-0 

20         „ 

76 
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Table  IIT. — Nitrous  Oxide. 


Absorption  in 

Absorption  in 

Thickness  of 

hundredths 

Thickness  of 

hundredths 

gas 

• 

of  the  total 
radiation. 

gas. 

of  the  total 
radiation. 

0-01  of 

m  inch 

1-48 

0'4  of  an  inch 

10-20 

002 

;j 

2-33 

0-5 

11-00 

0-03 

}} 

3-80 

0-6 

11-70 

004 

)} 

4-00 

0-8 

12-17 

005 

}} 

4-20 

1-0 

12-80 

01 

>j 

6-00 

1-5 

14-20 

0-2 

» 

7-77 

2-0 

15-7 

Table  IV.— Olcfiant  Gas. 

0-01  of 

an  inch 

1-80 

0-5  of  an  inch 

23-30 

002 

)i 

3-08 

1-0         „ 

26-33 

0-05 

i> 

5-37 

20         „ 

32-80 

0-1 

a 

9-14 

We  here  find  that  a  layer  of  olefiant  gas  only  2  inches  in  thick- 
ness intercepts  nearly  33  per  cent,  of  the  radiation  from  our 
source.  Supposing  our  globe  to  be  encircled  by  a  shell  of  olefiant 
gas  only  2  inches  in  thickness^  this  shell  would  ofi'er  a  scarcely 
sensible  obstacle  to  the  passage  of  the  solar  rays  earthward,  but 
it  would  cut  off  at  least  33  per  cent,  of  the  terrestrial  radiation 
and  in  great  part  return  it.  Under  such  a  canopy,  trifling  as  it 
may  appear,  the  surface  of  the  earth  would  be  kept  at  a  stifling 
temperature.  The  possible  influence  of  an  atmospheric  envelope 
on  the  temperature  of  a  planet  is  here  forcibly  illustrated. 

The  only  vapour  which  I  have  examined  with  the  piston  appa- 
ratus is  that  of  sulphuric  ether.  Glass  fragments  were  placed 
in  a  U  tube  and  wetted  with  the  ether.  Through  this  tube  dry 
air  was  gently  forced,  whence  it  passed,  vapour-laden,  into  the 
space  between  the  rock-salt  plates  S  S'.  The  following  Table 
contains  the  results. 

Table  V. — Air  satui-ated  with  the  Vapour  of  Sulphuric  Ether. 

Absoq^tion  in 
hundredths 
of  the  total 


Thickness  of 
vapour. 


Absorption  in 

hundredths 

of  the  total 

radiation. 

2  07 
4-6 
8-7 
14-3 


005  of  an  inch  2  07  0-8  of  an  inch 

0-1  „  4-6  1-5 

0-2  ,.  8-7  20 

0-4 

Comparing  these  results  with  those  obtained  with  olefiant  gas, 
we  find  for  thicknesses  of  0-05  of  an  inch  and  2  inches  respect- 
ively the  following  absorptions  : — 


Thickness  of 
vapour. 


radiation. 
210 
34-6 
35-1 
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Olefiant  gas.  Sulphuric  ether. 

Thickness  of  0-05  .     .     5-37      Thickness  of  0-05 .     .     2-07 
Thickness  of  2  inches  .  32-80      Thickness  of  2  inches.  35-1 

Sulphuric  ether  vapour,  therefore,  commences  with  an  absorp- 
tion much  lower  than  that  of  olefiant  gas,  and  ends  with  a  higher 
absorption.  This  is  quite  in  accordance  with  the  result  esta- 
blished in  my  second  memoir*,  that  in  a  short  tube  the  absorp- 
tion efi'ected  by  the  sparsely  scattered  molecules  of  a  vapour  may 
be  less  than  that  of  a  gas  at  a  tension  of  an  atmosphere,  while  in 
a  long  tube  the  gas  may  be  exceeded  by  the  vapour.  The  deport- 
ment of  sulphuric  ether  indicates  what  mighty  changes  of  climate 
might  be  brought  about  by  the  introduction  into  the  earth's  at- 
mosphere of  an  almost  infinitesimal  amount  of  a  powerful  vapour. 
And  if  aqueous  vapour  can  be  shown  to  be  thus  powei-ful,  the  effect 
of  its  withdrawal  from  our  atmosphere  may  be  inferred. 

§  2.  The  experiments  with  the  piston  apparatus  being  com- 
pleted, greater  thicknesses  of  gas  were  obtained  by  means  of  the 
composite  brass  experimental  tube  already  referred  to.  The 
arrangement  adopted,  however,  was  peculiar,  being  expressly 
intended  to  check  the  experiments,  which  were  for  the  most  part 
made  by  my  assistants.  The  source  of  heat  and  the  front  cham- 
ber remained  as  usual,  a  plate  of  rock-salt  dividing,  as  in  my 
previous  investigations,  the  front  chamber  from  the  experimental 
tube.  The  distant  end  of  the  tube  was  also  stopped  by  a  plate 
of  salt ;  but  instead  of  permitting  the  tube  to  remain  continuous 
from  beginning  to  end,  it  was  divided,  by  a  third  plate  of  rock- 
salt,  into  two  air-tight  compartments.  Thus  the  rays  of  heat 
from  the  source  had  to  pass  through  three  distinct  chambers, 
and  through  three  plates  of  salt.  The  first  chamber  was  always 
kept  filled  with  perfectly  dry  air,  while  either  or  both  of  the 
other  chambers  could  be  filled  at  pl^.asurc  with  the  gas  or  vapour 
to  be  examined.  For  the  sake  of  convenience  I  will  call  the 
compartment  of  the  tube  nearest  to  the  front  chamber  the  first 
chamber,  the  compartment  nearest  to  the  pile  the  second  chamber , 
the  term  '  front  chamber '  being,  as  before,  restricted  to  that  near- 
est to  the  source.  The  arrangement  is  sketched  in  outline  in  fig.  2. 

The  entire  length  of  the  tube  was  49*4  inches,  and  this  was 
maintained  throughout  the  whole  of  the  experiments.  The  only 
change  consisted  in  the  shifting  of  the  plate  of  salt  S'  which 
formed  the  partition  between  the  first  and  second  chambers. 
Commencing  with  a  first  chamber  of  2*8  inches  long,  and  a 
second  chamber  46*4  inches  long,  the  former  was  gradually  aug- 
mented, and  the  latter  equally  diminished.  The  experiments 
were  executed  in  the  following  manner: — The  first  and  second 
chambers  were  thoroughly  cleansed  and  exhausted,  and  the  needle 
*  Phil.  Trans,  part  1,  1862 ;  and  Phil.  Mag.  vol.  xxiv.  p.  343. 
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brought  to  zero  by  the  equalization  of  ^^^e  radiations  falling  upoB 
the  opposite  faces  of  the  pile.     Into  the  fiz'st  chamber  the  gas  or 


vapour  to  be  examined  was  introduced,  and  its  ab^orpdon  deter- 
mfned.     The  first  chamber  was  then  cleansed,  and  the  gas 
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vapour  was  introduced  into  the  second  chamber,  its  absorption 
there  being  also  determined.  Finally  the  absorption  exerted  by 
the  two  chambers  acting  together  was  determined,  both  of  them 
being  occupied  by  the  gas  or  vapour. 

The  combination  here  described  enabled  me  to  check  the  expe- 
riments, and  also  to  trace  the  influence  of  the  first  chamber  on 
the  quality  of  the  radiation.  In  it  the  heat  was  more  or  less 
sifted,  and  it  entered  the  second  chamber  deprived  of  certain  con- 
stituents which  it  possessed  on  its  entrance  into  the  first.  On 
this  account  the  quantity  absorbed  in  the  second  chamber  when 
the  first  chamber  is  full  of  gas,  must  always  be  less  than  it  would 
be  if  the  rays  had  entered  without  first  traversing  the  gas  of  the 
first  chamber.  From  this  it  follows  that  the  sum  of  the  absorp- 
tions of  the  two  chambers,  taken  separately,  must  always  exceed 
the  absorption  of  the  tube  taken  as  a  whole.  This  may  be  briefly 
and  conveniently  expressed  by  saying  that  the  sum  of  the  absorp- 
tions exceeds  the  absorption  of  the  sum. 

Table  VI. — Carbonic  Oxide. 


Length. 

A 

Absorption  per 

100. 

1st 

2nd 

r 
1st 

2ud 

Both 

chamber. 

chamber. 

chanabei 

chamber. 

chambers, 

2-8 

46-6 

6-8 

12-9 

12-9 

8-0 

41-4 

9-6 

12-2 

12-9 

12-2 

37-2 

10-7 

12-2 

12-9 

15-4 

340 

10-9 

12-2 

13-4 

17-8 

31-6 

IM 

12-0 

13-3 

36-3 

13-1 

12-6 

10-3 

13-4 

Table  VII. 

— Carbonic  Acid. 

2-8 

46-6 

8-6 

13-8 

13-3 

8-0 

41-4 

9-9 

12-7 

13-0 

12-2 

37-2 

11-0 

11-4 

130 

15-4 

34-0 

11-8 

12-1 

13-9 

23-8 

25-6 

11-7 

11-4 

13-1 

23-8 

25-6 

11-2 

11-2 

12-6 

23-8 

25-6 

10-4 

10-5 

12-0 

36-3 

13-1 

11-6 

10-0 

12-3 

Various  causes  have  rendered  these  experiments  exceedingly 
laborious.  Could  I  have  procured  a  sufiiciently  large  quantity 
of  gas  in  a  single  holder  for  an  entire  series  of  experiments  it 
would  not  have  been  difficult  to  obtain  concurrent  results,  but 
the  slight  variations  in  quality  of  the  same  gas  generated  at  dif- 
ferent times  tell  upon  the  results  and  render  perfect  uniformity 
extremely  difficult  to  obtain.  The  approximate  constancy  of  the 
numbers  in  the  third  column  is,  however,  a  guarantee  that  the 
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determinations  are  not  very  wide  of  the  truth.  Irregularities, 
however,  are  revealed.  Some  remarkable  ones  occur  in  the  case 
of  carbonic  acid,  with  the  chambers  23"8  and  25*6, — the  absorp- 
tions in  the  first  chamber  varying  in  this  instance  from  11'7  to 
10*4,  and  in  the  second  chamber  from  11 -4  to  L0"5,  and  in  both 
chambers  from  13*  1  to  12'0.  The  gas  which  gave  the  largest 
of  these  results  was  generated  from  marble  and  hydrochloric 
acid ;  the  next  was  obtained  from  chalk  and  sulphuric  acid,  and 
the  gas  which  gave  the  smallest  result  was  obtained  from  bicar- 
bonate of  soda  and  sulphuric  acid.  The  slight  differences  accom- 
panying these  different  modes  of  generation  made  themselves 
felt  in  the  manner  recorded  in  the  Table. 

Table  VIIL— Nitrous  Oxide. 
Length.  Absorption  per  100. 


( 

1st 

2nd 

'  1st 

2nd 

Both 

chamber. 

chamber. 

chamber. 

chamber. 

chambers. 

2-8 

46-6 

161 

32-9 

33-9 

12-2 

37-2 

23-1 

30-0 

320 

15-4 

340 

23-6 

2&-6 

320 

17-8 

31-6 

26-2 

29-6 

32-7 

The  differences  arising  from  different  modes  of  generation  are 
most  strikingly  illustrate!  by  the  powerful  gases.  My  friend 
Dr.  Frankland,  for  example,  was  kind  enough  to  superintend  for 
me  the  formation  of  a  large  holder  of  olefiant  gas  by  the  so-called 
"  continuous  process,"  in  which  the  vapow  of  alcohol  is  led 
through  sulphuric  acid  diluted  with  its  own  volume  of  water ; 
the  following  results  were  obtained : — 

Table  IX. — Olefiant  Gas. 
Length.  Absorption  per  100. 


( 
1st 

2nd 

1st 

2nd 

Both 

chamber. 

chamber. 

chamber. 

chamber. 

chambers. 

2-8 

40-6 

34-6 

661 

&7-7 

8-0 

41-4 

44-2 

65-3 

67-5 

15-4 

340 

53-6 

62-3 

67-0 

Considering  the  difficulty  of  the  experiments,  the  agreement 
of  the  absorption  of  both  chambers,  the  sum  of  which  was  the 
constant  quantity  of  49*4  inches,  must  be  regarded  as  satisfac- 
tory. This  is  the  general  character  of  the  results  as  long  as  we 
adhere  to  the  same  gas.  Olefiant  gas  generated  by  mixing  the 
liquid  alcohol  with  sulphuric  acid  and  applying  heat  to  the  mix- 
ture, gave  the  results  recorded  in  the  following  Table : — 
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Table  X.— Olefiant  Gas. 
Length.  Absorption  per  100. 


1st 

2n(l 

1st 

2ncl 

Both 

chamber. 

chamber. 

chamber. 

chamber. 

chambers, 

12-3 

37-2 

54-8 

700 

76-3 

15-4 

34-0 

59-1 

72-7 

771 

19-8 

29-6 

67-8 

70-4 

770 

23-8 

25-6 

69-2 

70-2 

77-6 

36-3 

131 

72-8 

60-3 

78-8 

The  absorptions  of  both  chambers  in  this  Table  are  almost 
exactly  10  per  cent,  higher  than  those  found  with  the  gas  gene- 
rated under  Dr.  Frankland's  superintendence. 

A  few  remarks  on  these  results  may  be  introduced  here.  In 
the  case  of  carbonic  oxide  (Table  VI.),  we  see  that  while  a  length 
of  2*8  inches  of  gas  is  competent,  when  acting  alone,  to  intercept 
6 '8  per  cent,  of  the  radiant  heat,  the  cutting  off  of  this  length 
from  a  tube  49'4  inches  long,  or,  what  is  the  same,  the  addition 
of  this  length  to  a  tube  46-6  inches  long,  makes  no  sensible 
change  in  its  absorption.  The  second  chamber  absorbs  as  much 
as  both.  The  same  remark  applies  to  carbonic  acid,  and  it  is 
also  true  within  the  limits  of  error  for  nitrous  oxide  and  olefiant 
gas.  Indeed  it  is  only  when  8  inches  or  more  of  the  column 
have  been  cut  away  that  the  difference  begins  to  make  itself  felt. 
Thus,  in  carbonic  oxide,  the  absorption  of  a  length  of  41*4  being 
12"2,  that  of  a  chamber  49*4,  or  8  inches  longer,  is  only  12*9, 
making  a  diflference  of  only  0-7  per  cent.,  while  the  same  8  inches 
acting  singly  on  the  gas  produces  an  absorption  of  9'6  per  cent. 
So  also  with  regard  to  carbonic  acid;  a  tube  41*4  absorbing 
12*7  per  cent.,  a  tube  49*4  absorbs  only  13-0  per  cent.,  making 
a  difference  of  only  0-3  per  cent.  As  regards  olefiant  gas  (Table 
IX.),  while  a  distance  of  8  inches  acting  singly  effects  an  absorp- 
tion of  44  per  cent.,  the  addition  of  8  inches  to  a  tube  already 
41*4  inches  in  length  raises  the  absorption  only  from  65 '3  to 
67 "5,  or  2'2  per  cent.  The  reason  is  plain.  In  a  length  of 
41*4  the  rays  capable  of  being  absorbed  by  the  gas  are  so  much 
diminished,  so  few  in  fact  remain  to  be  attacked,  that  an  addi- 
tional 8  inches  of  gas  produces  a  scarcely  sensible  effect.  Simi- 
lar considerations  explain  the  fact  that,  while  by  augmenting  the 
length  of  the  first  chamber  from  2*8  inches  to  15*4  inches  we 
increase  the  absorption  of  olefiant  gas  nearly  20  per  cent.,  the 
shortening  of  the  second  chamber  by  precisely  the  same  amount 
effects  a  diminution  of  barely  4  per  cent,  of  the  absorption.  All 
these  results  conspire  to  prove  the  heterogeneous  character  of  the 
radiation  from  a  source  heated  to  about  250°  C. 

The   sum  of  the  absorptions   placed    side  by  side  with   the 
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absorption  of  the  sum  exhibits  the  influence  of  sifting  in  an  in- 
structive manner.  Tables  VI.,  VII.,  VIII.,  IX.,  and  X.,  thus 
treated,  give  the  following  comparative  numbers  : — 

Table  XI. — Carbonic  Oxide. 
Length  of  chambers.       Sum  of  absorptions.     Absorption  of  sum. 


2-8 

46-6 

19-7 

12-9 

8-0 

4M 

21-8 

12-9 

12-2 

37-2 

22-9 

12-9 

15-4. 

34-0 

23-1 

13-4 

17-8 

31-6 

23-1 

13-3 

36-3 

13-1 

22-9 

13-4 

Means 

22-3 

131 

Table  XII.—' 

Carbonic  Acid. 

2-8 

46-6 

22-4 

13-3 

80 

41-4 

22-6 

130 

12-2 

37-2 

22-4 

130 

15-4 

340 

23-9 

13-9 

23-8 

25-6 

231 

13-1 

36-3 

13-1 

21-6 

12-3 

Means 

22-6 

13-1 

Table  XIII.- 

-Nitrous  Oxide. 

2-8 

46-6 

49-0 

33-9 

12-2 

37-2 

531 

320 

15-4 

340 

53-2 

32  0 

17-8 

31-6 

55-8 

32-7 

Means 

52-8 

32-7 

Table  XIV.- 

-defiant  Gas. 

2-8 

46-6 

100-7 

67-7 

80 

41-4 

109-5 

67-5 

12-2 

37-2 

109-4 

65-0 

15-4 

34-0 

115-9 

67-0 

Means 

108-9 

66-8 

Table  XV.- 

-Olefiant  Gas. 

12-2 

37-2 

124-8 

76-3 

15-4 

34-0 

131-8 

77-1 

19-8 

29-6 

138-2 

77-0 

23-8 

25-6 

139-4 

77-6 

36-3 

13-1 

1331 

78-8 

Means     133-4  77-3 
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The  conclusion  that  the  sum  of  the  absorptions  is  greater  than 
the  absorption  of  the  sum  is  here  amply  verified.  The  Tables 
also  show  that  the  ratio  of  the  sum  of  the  absorptions  to  the 
absorption  of  the  sum  is  practically  constant  for  all  the  gases. 
Dividing  the  first  mean  by  the  second  in  the  respective  cases,  we 
have  the  following  quotients  : — 

Carbonic  oxide 1*70 

Carbonic  acid 1*72 

Nitrous  oxide -  1*61 

defiant  gas  (mean  of  both)  .     .  1-68 

The  sum  of  the  absorptions  ought  to  be  a  maximum  when 
the  two  chambers  are  of  equal  length.  Supposing  them  to  be 
unequal,  one  being  in  excess  of  half  the  length  of  the  tube,  let 
us  consider  the  action  of  this  excess  singly.  Placed  after  the 
half-length,  it  receives  the  rays  which  have  already  traversed 
that  half;  placed  after  the  shorter  length,  it  receives  the  rays 
which  have  traversed  the  shorter  length.  In  the  former  case, 
therefore,  the  excess  will  absorb  less  than  in  the  latter,  because 
the  rays  in  the  former  case  have  been  more  thoroughly  sifted 
before  the  heat  reaches  the  excess.  From  this  it  is  clear  that, 
as  regards  absorption,  more  is  gained  by  attaching  the  excess  to 
the  short  length  of  the  tube  than  to  the  half-length ;  in  other 
words,  the  sum  of  the  absorptions,  when  the  tube  is  divided  into 
two  equal  parts,  is  a  maximum.  This  reasoning  is  approximately 
verified  by  the  experiments.  Supposing,  moreover,  one  of  the 
lengths  constantly  to  diminish,  we  thus  constantly  approach  the 
limit  when  the  sum  of  the  absorptions  and  the  absorption  of  the 
sum  are  equal  to  each  other,  the  former  being  then  a  minimum. 
The  effect  of  proximity  to  this  limit  is  exhibited  in  the  first  expe- 
riment in  each  of  the  series ;  here  the  lengths  of  the  compart- 
ments are  very  unequal,  and  the  sum  of  the  absorptions  is,  in 
general,  a  minimum. 

After  the  absorption  by  the  permanent  gases  had  been  in  this 
way  examined,  I  passed  on  to  the  examination  of  vapours.  They 
were  all  used  at  a  common  pressure  of  0*5  of  an  inch  of  mer- 
cury, or  about  ^\jth  of  an  atmosphere.  The  liquid  which  yielded 
the  vapour  was  enclosed  in  the  flasks  described  in  my  previous 
memoirs,  and  the  pure  vapour  was  allowed  to  enter  the  respec- 
tive compartments  of  the  experimental  tube  without  the  slightest 
ebullition.  The  following  series  of  Tables  contains  the  results 
thus  obtained. 
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Table  XVI. — Bisulphide  of  Carbon.     Pressure  05  of  an  inch. 


L( 

jngt 

h. 

Absorption  per 

100. 

1st 

2nd 

1st 

2nd 

Both 

chamber. 

chamber. 

chamber.        chamber. 

chambers. 

2-8 

46-6 

3-6 

7-6 

7-6 

8-0 

41-4 

4-4 

7-3 

7-6 

15-4 

340 

5-7 

6-0 

7-5 

17-8 

31-6 

5-8 

6-4 

7-5 

23-8 

25-6 

6-7 

60 

7-8 

Table 

XVII.-Chlorofor 

m.     Pressure  0*5  of 

an  inch. 

2-8 

46-6 

5-5 

15-9 

16-3 

8-0 

41-4 

9-2 

15-6 

16-8 

12-2 

37-2 

10-5 

14-8 

17-1 

15-4 

340 

11-6 

14-1 

16-9 

23-8 

25-6 

15-0 

14-0 

18-4 

36-3 

13-1 

15-6 

10-9 

17-2 

Table  XVIIL— Benzole 

!.     Pressure  0-5  of  an  inch. 

2-8 

46-6 

40 

200 

20-6 

8-0 

41-4 

8-4 

17-3 

20-4 

12-2 

37-2 

9-8 

16-5 

190 

17-8 

31-6 

11-9 

15-7 

201 

23-8 

25-6 

14-3 

151 

210 

Table  XIX. 

— Iodide  of  Ethylc. 

Pressure  0*5  of  an  inch. 

2-8 

46-6 

7-1 

23-5 

25-4 

80 

41-4 

91 

21-1 

23-3 

12-2 

37-2 

12-8 

20-5 

25-2 

15-4 

340 

14-6 

20-8 

25-2 

17-8 

31-6 

15-8 

20-0 

25-5 

Table  XX.— Alcohol. 

Pressure  05  of  an 

inch. 

2-8 

46-6 

11-7 

46-] 

46-1 

8-0 

41-4 

185 

43-6 

47-0 

12-2 

37-2 

260 

44-1 

47-5 

15-4 

340 

32-1 

41-1 

470 

17-8 

31-6 

32-4 

40-0 

47-6 

Table  XXI. — Alcohol.     Pressure  0*1  of  an  inch. 
8-0  414  8-0  22-2  24-9 

15-4  34-0  12-1  20-0  24-7 

17-8  31-6  13-1  19-7  257 

23-8  25-6  14-8  18-4  25-2 

36-3  131  191  13-8  25-1 
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Table  XXII. —  Sulphuric  Ether.     Pressure  0*5  of  an  inch. 
Length.  Absorption  per  100. 


( 
1st 

2ncl 

1st 

2nd 

Both 

chamber. 

chamber. 

chamber. 

chamber. 

chambers. 

2-8 

46-6 

14-8 

500 

51-6 

8-0 

41-4 

23-9 

51-0 

53-9 

12-2 

37-2 

30-9 

48-8 

53-6 

15-4 

340 

340 

47-8 

53-1 

Table  XXIII. — Acetic  Ether.     Pressure  05  of  ; 

an  inch. 

2-8 

46-6 

17-0 

60-2 

62-9 

8-0 

41-4 

30-7 

58-1 

64-6 

12-2 

37-2 

41-6 

551 

64-2 

15-4 

340 

44*4 

55-5 

62-4 

23-8 

25-6 

50-9 

52-7 

64-7 

36-3 

13-1 

58-1 

42-6 

64-8 

Table  XXIV.— Formic 

Ether.     Pressure  0-5  of 

an  inch. 

2-8 

46-6 

17-4 

630 

64-4 

8-0 

41-4 

33-3 

59-1 

63-4 

17-8 

31-6 

40-0 

■48-4 

60-3 

23-8 

25-6 

45-6 

47-3 

60-2 

I  have  already  compared  the  sum  of  the  absorptions  for  gases 
with  the  absorption  of  the  sum  ;  in  the  following  Tables  the  same 
comparison  is  made  for  the  vapours. 


Table  XXV. 

Bisulphide  of  Cai 

•bon 

,  0'5  inch. 

,ength  of  chambers 

Sum  of  absorptions. 

Absorption  of  sum 

2-8          46-6 

11-2 

7Q 

8-0          41-4 

11-7 

7-& 

15-4          340 

11-7 

7-5 

17-8          31-6 

12-2 

7-5 

23-8          25-6 

12-7 

7-8 

Means 

11-9 

7-6 

Table  XXVI.— Chloroform, 

0*5  inch. 

2-8          46-6 

21-4 

16-3 

8-0          41-4 

24-8 

16-8 

12-2          37-2 

25-3 

171 

15-4          340 

25-2 

16-9 

23-8          25-6 

290 

18-4 

36-3          131 

26-5 

17-2 

Means 

25-36 

171 
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Table  XXVIL— Benzole,  0*5  inch. 


Length  of  chambers.     Sum  of  absor] 

ptions, 

,     Absorption  of  sum, 

2-8 

46-6 

24-0 

20-6 

8-0 

41-4 

25-7 

20-4 

12-2 

37-2 

26-3 

190 

17-8 

31-6 

27-6 

20-1 

23-8 

25-6 

Means 

29-4 
26-6 

21-0 
20-2 

Table 

XXVIII.— Iodide  of  Ethyle 

,  0'5  inch. 

2-8 

46-6 

30-6 

25-4 

80 

41-4 

30-2 

23-3 

12-2 

37-2 

33-3 

25-2 

15-4 

340 

35-4 

25-2 

17-8 

31-6 

Means 

35-8 
33-1 

25-2 
24-9 

Table  XXIX.—. 

A-lcohol, 

0-5  inch. 

2-8 

46-6 

57-8 

461 

80 

41-4 

62-1 

47-0 

12-2 

37-2 

701 

47-5 

15-4 

34-0 

73-2 

470 

17-8 

31-6 

Means 

72-4 
671 

47-6 
47-0 

T 

able  XXX. — Alcohol, 

0-1  inch. 

8-0 

41-4 

30-2 

24-9 

15-4 

34-0 

32-1 

21-7 

17-8 

31-6 

32-8 

25-7 

23-8 

S5-6 

33-2 

25-2 

36-3 

13-1 

Means 

32-9 
32-2 

251 
251 

Table 

XXXI. 

— Sulphuric  Ether, 

05  inch. 

2-8 

46-6 

64-8 

51-6 

8-0 

41-4 

74-9 

53-9 

12-2 

37-2 

79-7 

53-6 

15-4 

340 

Means 

81-8 
75-3 

531 
5305 
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Table  XXXII.- 

—Formic  Ether,  0*5 

inch. 

Length  of  chambers. 
2-8         46-6 

Sum  of 

absorptions. 

80-4 

Absorption 
of  sum. 
64-4 

8-0         41-4 

82-4 

63-4 

17-8        31-6 

88-4 

60-3 

23-8         25-6 

92-8 

60-2 

Means  86-0  62-07 

Table  XXXIIL— Acetic  Ether,  0-5  inch. 

2-8         46-6  77-3  629 

8-0         41-4  88-8  64-6 

12-2         37-2  96-7  64-2 

15-4         34-0  99-9  62-4 

23-8         25-6  103-6  64-7 

36-3         13-1  100-7  64-8 


Means     94-5  63-9 

An  inspection  of  the  foregoing  Tables  discloses  the  fact  that, 
in  the  case  of  vapours,  the  difference  between  the  sum  of  the 
absorptions  and  the  absorption  of  the  sum  is,  in  general,  less 
than  in  the  case  of  gases.  This  resolves  itself  into  the  proposi- 
tion that  for  equal  lengths,  within  the  limits  of  these  experi- 
ments, the  sifting  power  of  the  gas  is  greater  than  that  of  the 
vapour.  The  reason  of  this  is  that  the  vapours  are  examined  in 
a  state  of  tenuity  which  is  only  (/yth  of  that  possessed  by  the 
gases.  Thus,  no  matter  how  powerful  the  individual  molecules 
may  be,  their  distance  asunder  renders  a  thin  layer  of  them  a 
comparatively  open  screen. 

§  3.  The  entrance  of  a  gas  into  an  exhausted  vessel  is  accompanied 
by  the  generation  of  heat ;  and  the  gas  thus  warmed,  if  a  radia- 
tor, will  emit  the  heat  generated.  Conversely,  on  exhausting  a 
vessel  containing  any  gas,  the  gas  is  chilled,  and  thus  an  exter- 
nal body,  which  prior  to  the  act  of  exhaustion  possessed  the  same 
temperature  as  the  gas  within  the  vessel,  becomes,  on  the  first 
stroke  of  the  pump,  a  warm  body  with  reference  to  the  gas 
remaining  in  the  vessel ;  and  if  the  external  body  be  separated 
from  the  cooled  gas  by  a  diathermic  partition,  it  will  radiate  into 
the  gas  and  become  chilled  by  this  radiation.  It  was  shown  in 
my  second  memoir*  that  this  mode  of  warming  and  of  chilling 
a  gas  or  vapour  furnished  a  practical  means  of  determining, 
without  any  source  of  heat  external  to  the  gaseous  body  itself, 
both  its  radiative  and  absorptive  energy.     For  the  sake  of  con- 

*  Phil.  Trans,  part  1,  1862  ;  and  Phil.  Mag.  vol.  xxiv.  p.  33?. 
Phil.  Mag.  S.  4.  Vol.  28.  No.  187.  Aug.  1864.  H 
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venience  I  have  called  the  radiation  and  absorption  of  a  gas  or 
vapour  thus  dynamically  heated  and  cooled,  dynamic  radiation 
and  dynamic  absorption. 

In  illustration  of  the  manner  in  which  dynamic  radiation  may 
be  applied  in  researches  on  radiant  heat,  I  have  had  made, 
during  the  last  half-year,  a  considerable  number  of  experiments, 
some  of  which  I  will  here  describe.  In  the  first  place,  the  expe- 
rimental tube  was  divided  into  two  compartments,  as  in  the 
experiments  described  in  the  foregoing  section.  The  source  of 
heat  was  abolished,  and  one  end  of  the  experimental  tube  was 
stopped  by  a  plate  of  polished  metai ;  the  other  end  was  stopped 
by  a  transparent  plate  of  rock-salt,  while  the  space  between  the 
ends  was  divided  into  two  compartments  by  a  second  plate  of 
rock-salt.  The  thermo-electric  pile  occupied  its  usual  position 
at  the  end  of  the  tube,  the  compensating  cube,  however,  being 
abandoned.  For  the  sake  of  convenient  reference,  I  will  call  the 
compartment  of  the  tube  most  distant  from  the  pile  the  first 
chamber,  and  that  adjacent  to  the  pile  the  second  chamber. 
x\.n  outline  sketch  of  the  arrangement  is  given  in  fig.  3. 

Fig.  8. 


^fid.  Chamb. 


1st.  Chanib. 


> 


ZJ::! 


The  experiments  were  conducted  in  the  following  manner : — 
Both  compartments  being  exhausted  and  the  needle  at  zero,  the 
gas  was  allowed  to  enter  the  first  chamber  through  a  gauge- 
cock  which  made  its  time  of  entry  40  seconds.  The  second 
chamber  was  preserved  a  vacuum ;  the  gas  on  entering  the  first 
chamber  was  dynamically  heated,  and  radiated  its  heat  to  the 
pile  through  the  vacuous  second  chamber;  the  needle  moved, 
and  the  limit  of  its  excursion  was  noted.  The  first  chamber 
was  then  exhausted  and  carefully  cleansed  with  dry  air.  The 
second  chamber  was  filled  with  the  same  gas,  not  with  a  view  to 
determine  its  dynamic  radiation,  but  to  examine  its  eifect  upon 
the  heat  radiated  from  the  first  chamber.     The  needle  being  at 
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zero,  the  gas  was  again  permitted  to  enter  the  first  chamber 
exactly  as  in  the  first  experiment, — the  only  difference  between 
the  two  experiments  being,  that  in  the  first  the  heat  passed 
through  a  vacuum  to  the  pile,  while  in  the  second  it  had  to  pass 
through  a  column  of  the  same  kind  of  gas  as  that  from  which  it 
emanated.  In  this  way  the  absorption  exerted  by  any  gas  upon 
heat  radiated  from  the  same  gas,  or  from  any  other  gas,  may 
be  accurately  determined.  Finally,  the  apparatus  being  cleansed 
and  the  needle  at  zero,  the  gas  was  permitted  to  enter  the  second 
chamber,  audits  dynamic  radiation  from  this  chamber  was  deter- 
mined. The  intermediate  plate  of  salt  S'  was  shifted,  as  in  the 
former  experiments,  so  as  to  alter  the  lengths  of  the  two  cham- 
bers, but  the  sum  of  both  lengths  remained  constant  as  before. 

In  the  following  Tables  the  three  columns  bracketed  under 
the  head  of  "Deflection,"  contain  the  arcs  through  which  the 
needle  moved  in  the  three  cases  mentioned;  (1)  when  the  radia- 
tion from  the  gas  in  the  first  chamber  passed  through  the  empty 
second  chamber;  (2)  when  the  radiation  from  the  first  chamber 
passed  through  the  occupied  second  chamber ;  and  (3)  when  the 
radiation  proceeded  from  the  second  chamber. 

Dynamic  Radiation  of  Gases. 
Table  XXXIV.— Carbonic  Oxide. 
Deflection. 


Leugth. 


By  1st  By  1st 

1st  2nd  chamber,  chamber,        By  2nd 

chamber.       chamber.  2nd  chamber  gas  in  2nd     chamber. 

emjjty.  chamber. 

2-8  46-6  10  6-0  280 

15-4  34-0  3-8  2-1  24-4 

36-3  13-1  13-7  6-3  16-6 

Table  XXXV.— Carbonic  Acid. 

2-8          46-6                  1-0                00  33-6 

15-4           340                   3-7                 1-25  23-3 

36-3           13-1                 16-8                 6-6  17-5 

Table  XXXVI.— Nitrous  Oxide. 

2-8  46-6  1-0  0-2  44-5 

15-4  340  4-3  1-2  317 

36-3  13-1  19-5  6-2  220 

Table  XXXVII. — defiant  Gas. 
15-4  340  11-9  1-0  68-0 

23-8  25-6  22-8  3-0 

36-3  13-1  590  10-4  65-0 

H2 
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The  gases,  it  will  be  observed,  exhibit  a  gradually  increasing 
power  of  dynamic  radiation  from  carbonic  oxide  up  to  olefiant 
gas.  This  is  most  clearly  illustrated  by  reference  to  the  results 
obtained  in  the  respective  cases  with  the  first  length  of  the 
second  chamber.     They  are  as  follows  : — 

Carbonic  oxide 28'0 

Carbonic  acid 33*6 

Nitrous  oxide 44'5 

Olefiant  gas 68*0 

Its  proximity  to  the  pile,  and  the  fact  of  its  having  to  cross 
but  one  plate  of  salt,  makes  the  action  of  the  second  chamber 
much  greater  than  that  of  the  first. 

Each  of  the  Tables  exhibits  the  fact  that  as  the  length  of  the 
chamber  increases  the  dynamic  radiation  of  the  gas  contained  in 
it  increases,and  as  the  length  diminishes  the  radiation  diminishes. 
We  also  see  how  powerfully  the  gas  in  the  second  chamber  acts 
upon  the  radiation  from  the  first.  With  carbonic  oxide,  the  pre- 
sence of  the  gas  in  the  second  chamber  reduces  the  deflection 
from  13°"7  to  6°'3;  with  carbonic  acid  it  is  reduced  from  16*8 
to  6'6 ;  with  nitrous  oxide  it  is  reduced  from  19"5  to  6'2.  Now 
this  residual  deflection,  6°-2,  is  not  entirely  due  to  the  transpa- 
rency of  the  gas,  to  heat  emitted  by  the  gas.  No  matter  how  well 
polished  the  experimental  tube  may  be,  there  is  always  a  certain 
radiation  from  its  interior  surface  when  the  gas  enters  it.  With 
perfectly  dry  air  this  radiation  amounts  to  8  or  9  degrees.  Thus 
the  radiation  is  composite,  in  part  emanating  from  the  mole- 
cules in  the  first  chamber,  and  in  part  emanating  from  the  sur- 
face of  the  tube.  To  these  latter,  the  gas  in  the  second  cham- 
ber would  be  much  more  permeable  than  to  the  former ;  and  to 
these  latter,  I  believe,  the  residual  deflection  of  6  degrees,  or 
thereabouts,  is  mainly  due.  That  this  number  turns  up  so 
often,  although  the  radiations  from  the  various  gases  differ  con- 
siderably, is  in  harmony  with  the  supposition  just  made.  In 
the  case  of  carbonic  oxide,  for  example,  the  deflection  is  reduced 
from  13°'7  to  6°"3,  while  in  the  case  of  nitrous  oxide  it  is  reduced 
from  19°*5  to  6°-2 ;  in  the  case  of  olefiant  gas  it  is  reduced  from 
59°  to  10°'4,  while  in  other  experiments  (not  here  recorded)  the 
deflection  by  olefiant  gas  was  reduced  from  44°  to  6°. 

As  may  be  expected,  this  radiation  from  the  interior  surface 
augments  with  the  tarnish  of  the  surface,  but  the  extent  to  which 
it  may  be  increased  is  hardly  sufiiciently  known.  Indeed  the 
gravest  errors  are  possible  in  experiments  of  this  nature  if  the 
influence  of  the  interior  be  overlooked  or  misunderstood.  An 
experiment  or  two  will  illustrate  this  more  forcibly  than  any 
words  of  mine. 
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A  brass  tube  3  feet  long,  and  very  slightly  tarnished  within, 
was  used  for  dynamic  radiation.  Dry  air  on  entering  the  tube 
l)roduced  a  deflection  of  13  degrees.  The  tube  was  then  polished- 
within,  and  the  experiment  repeated ;  the  action  of  dry  air  was 
instantly  reduced  to  7  5  degrees. 

The  rock-salt  plate  at  the  end  of  the  tube  was  then  removed, 
and  a  lining  of  black  paper  2  feet  long  was  introduced  within  it. 
The  tube  was  again  closed,  and  the  experiment  of  allowing  dry 
air  to  enter  it  repeated.  The  deflections  observed  in  three  suc- 
cessive experiments  were 

80°,  81°,  80°. 

This  result  might  be  obtained  as  long  as  the  lining  continued 
within  the  tube. 

The  plate  of  rock-salt  was  again  removed,  and  the  length  of 
the  lining  was  reduced  to  a  foot ;  the  dynamic  radiation  on  the 
entrance  of  dry  air  in  three  successive  experiments  gave  the 
deflections 

76°,  74°,  75°. 

The  plate  was  again  removed  and  the  lining  reduced  to  3 
inches ;  the  deflections  obtained  in  two  successive  experiments 
were 

66°,  65°. 

Finally  the  lining  was  reduced  to  a  ring  only  1^  inch  in  width ; 
the  dynamic  radiation  from  this  small  surface  gave  in  two  suc- 
cessive trials  the  deflections 

56°,  56°-5. 

The  lining  was  then  entirely  removed,  and  the  deflection 
instantly  fell  to 

7°'5. 

A  coating  of  lampblack  within  the  tube  produced  the  same 
effect  as  the  paper  lining;  common  writing-paper  was  almost 
equally  effective ;  a  coating  of  varnish  also  produced  large 
deflections,  and  the  mere  oxidation  of  the  interior  surface  of  the 
tube  is  also  very  effective. 

In  the  above  experiments  the  lining  was  first  heated,  and  it 
then  radiated  its  heat  through  a  thick  plate  of  rock-salt  against 
the  pile.  The  effect  of  the  heat  was  enfeebled  by  distance,  by 
reflexion  from  the  surfaces  of  the  salt,  and  by  partial  absorption. 
Still  we  see  that  the  radiation  thus  weakened  was  competent  to 
drive  the  needle  almost  through  the  quadrant  of  a  circle.  If, 
instead  of  being  thus  separated  from  the  lining,  the  face  of  the 
pile  itself  had  formed  part  of  the  interior  surface  of  the  tube, 
receiving  there  the  direct  impact  of  the  particles  of  air,  of  course 
the  deflections  would  be  far  greater  than  the  highest  of  those 
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above  recorded.  Indeed  I  do  not  doubt  my  ability  to  cause  the 
needle  of  my  galvanometer  to  whirl,  by  the  dynamic  heating  of 
the  surface  of  my  pile,  through  an  arc  of  1000  degrees.  As- 
suredly an  arrangement  subject  to  disturbances  of  this  character 
cannot  be  suitable  in  experiments  in  which  the  greatest  delicacy 
is  necessary. 

Experiments  on  dynamic  radiation,  similar  to  those  executed 
with  gases,  were  made  with  vapours.  The  tube  was  divided 
into  two  compartments  as  before.  Both  compartments  being 
exhausted,  vapour  was  permitted  to  enter  the  first  chamber. 
Dry  air  was  afterwards  permitted  to  enter  the  same  chamber; 
the  air  was  heated,  it  warmed  the  vapour,  and  the  vapour 
radiated  its  heat  against  the  pile.  The  heat  passed  in  the  first 
experiment  through  a  vacuous  second  chamber,  and  in  the 
second  experiment  through  the  same  chamber  when  it  contained 
0*5  of  an  inch  of  the  same  vapour  as  that  from  which  the  rays 
issued.  A  third  experiment  was  made  to  determine  the  dynamic 
radiation  from  the  second  chamber.  The  foUow'ing  Tables  con- 
tain the  results : — 

Dynamic  Radiation  of  Vapours. 
Table  XXXVIII.— Bisulphide  of  Carbon,  0-5  inch. 


Length. 

A 

Deflection. 

f 

1st 
chamber. 

2iul 
,      chamber. 

By  1st             By  1st 
chamber,          chamber. 
2nd  chamber      Vapour  in 
empty.      2ad  chamber. 

By  2nd 
chamber. 

15-4 
36-3 

340 
131 

o                                o 

2-4                 1-6 
9-75               5-5 

14-2 
90 

Table  XXXIX. — Benzole,  0*5  inch. 

15-4 
36-3 

340 
131 

30                 11 
21-6               11-9 

340 
15-1 

Table  XL. 

—Iodide  of  Ethyle,  0-5  inch 

. 

15-4 
36-3 

340 
131 

3-4                 2-7 
25-4               13-8 

38-8 
19-0 

Table  XLI. — Chloroform,  0*5  inch. 

15-4 
36-3 

340 
13-1 

4-5                 2-1 
22-3               100 

41-0 
19-0 

Table  '. 

XLII.— Alcohol,  0-5  inch. 

15-4 
36-3 

34-0 
13-1 

4-9                 20 
33-8               16-9 

53-8 
34-9 

of  Heat  by  Gaseous  and  Liquid  Matter.  103 

Table  XLIIL— Alcohol,  0-1  inch. 

Length.  Deflection. 

^ ,       , ■ , 

By  1st  By  1st 

1st  2nd  chamber,  chamber.  By  2nd 

chamber,     chamber.         2iid  chamber       vapour  in        chamber, 
empty.         2nd  chamber. 

15-4         340  20  1-3  35-7' 

36-3         131  21-8  16-2  11-5 

Table  XLIV.— Boracic  Ether,  0-1  inch. 

]5-4        340  6-3  2-1  61-0 

36-3         13-1  291  15-7  31-6 

Table  XLV.— Formic  Ether,  0-5  inch. 

15-4         340  6-3  2-5  68-0 

36-3         131  460  23-8  41-0 

Table  XLVL— Sulphuric  Ether,  0-5  inch. 

15-4        340  5-6  2-5  680 

36-3         131  45-3  22-4  35-5 

Table  XLVIL— Acetic  Ether,  0-5  inch. 

15-4         340  5-7  10  739 

36-3         131  49-1  220  410 

Collecting  the  radiations  from  the  second  chamber  for  the 
lengths  34  inches  and  13"1  inches  together  in  a  single  Table,  we 
see  at  a  glance  how  the  radiation  is  affected  by  varying  the  length. 

Table  XLAail. 

Dynamic  radiation  of  various 
vapours  at  05  inch  pressure 
and  a  common  tliickness  of 

, . .^ . , 

34  inches.       13' 1  inches. 

Bisulphide  of  carbon    .     .     .  142  9*0 

Benzole 34-0  IS'l 

Iodide  of  ethyle 38-8  19-0 

Chloroform 410  19-0 

Alcohol 53-8  34-9 

Sulphuric  ether 680  36-5 

Formic  ether 68*0  41*0 

Acetic  ether 739  41-0 

At  a  pressure  of  01  of  an  inch. 

Alcohol 35-7  11-5 

Boracic  ether 61-0  31'6 
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The  extraordinary  energy  of  boracic  ether  as  a  radiant  may 
be  inferred  from  the  last  experiment.  Although  attenuated 
to  ^^0^^  °^  ^^  atmosphere,  its  thinly  scattered  molecules  are  able 
to  urge  the  needle  through  an  arc  of  61  degrees,  and  this  merely 
by  the  warmth  generated  on  the  entrance  of  dry  air  into  a 
vacuum. 

Arranging  the  gases  in  the  same  manner,  we  have  the  follow- 
ing results : — 

Table  XLIX. 

Dj'namic  radiation  of  gases 
at  1  atm.  pressure  and  a 
common  thickness  of 

, A . 

;  .        ^ 

34  inches.      13"  1  inches. 

o  o 

Carbonic  oxide 24-4  16-6 

Carbonic  acid 23-3  17-5 

Nitrous  oxide 31*7  22-0 

defiant  gas 68-0  65-0 

The  influence  of  tenuity  which  renders  the  vapour  at  0*5  of 
an  inch  a  more  open  screen  than  the  gas  at  30  inches  is  here 
exhibited.  In  the  case  of  the  vapour,  a  greater  length  is  avail- 
able for  radiation  than  in  the  case  of  the  gas,  because  the  radia- 
tion from  the  hinder  portion  of  the  column  of  vapour  is  less 
interfered  with  by  the  molecules  in  front  of  it  than  is  the  case 
with  the  gas.  By  shortening  the  column  we  therefore  do  more 
injury  to  the  vapour  than  to  the  gas;  by  lengthening  it  we  pro- 
mote the  radiation  from  the  vapour  more  than  that  from  the  gas. 
Thus  while  a  shortening  of  the  gaseous  column  from  34  inches 
to  13*1  causes  a  fall  in  the  case  of  carbonic  oxide  only  from  23°"3 
to  17°'5,  the  same  amount  of  shortening  causes  benzole  vapour 
to  fall  from  34°  to  15°'l, — a  much  greater  diminution.  So  also 
as  regards  olefiant  gas,  a  shortening  of  the  radiating  column 
from  34  inches  to  13'1  inches  causes  a  fall  in  the  deflection  only 
from  68°  to  65° ;  the  same  diminution  produces  with  sulphuric 
ether  a  fall  from  68°  to  36°*5 ;  and  with  acetic  ether  from  73°"9 
to  41°.  In  the  long  column  acetic  ether  vapour  beats  olefiant  gas, 
but  in  the  short  column  the  gas  beats  the  vapour. 

One  of  the  earliest  series  of  experiments  of  this  nature  which 
were  executed  last  autumn,  though  not  free  from  irregularities, 
is  nevertheless  worth  recording.  The  experiments  were  made 
with  a  brass  tube,  slightly  tarnished  within,  the  tube  being  49'4 
inches  long,  and  divided  into  two  equal  compartments,  each  24'7 
inches  in  length,  by  a  partition  of  rock-salt  placed  at  the  centre 
of  the  tube. 
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Table  L. — Dynamic  radiation  of  Vapours. 

Deflectiou. 

f '^  .( 

By  1st  chamber.     By  1st  chamber, 

2nd  chamber        vapour  in  2nd  By  2nd 

empty.                 chamber.  chamber. 

Bisulphide  of  carbon     .     8-2                   5*8  21-2 

20-0                 12-4  45-9 

24-3                 10-9  55-2 

27-5                 14-7  55-3 

42-7                 22-3  •  69  0 

46-3                 21-7  80-5 

47-5                 19-8  79-5 

49-8                 25-0  82-3 

53-3                 300  82-1 


Benzole 
Chloroform 
Iodide  of  ethyle 
Alcohol      .     . 
Sulphuric  ether 
Formic  ether  . 
Propionate  of  ethyle 
Acetic  ether    .     . 


To  ascertain  whether  the  absorption  by  the  vapours  bears  any 
significant  relation  to  the  absorption  by  the  liquids  from  which 
these  vapours  were  derived,  the  transmission  of  radiant  heat 
through  those  liquids  was  examined.  The  open  flame  of  an  oil- 
lamp  was  used,  and  the  liquids  were  enclosed  in  rock-salt  cells. 
Thus  the  total  radiation  from  the  lamp,  with  the  exception  of 
the  minute  fraction  absorbed  by  the  rock-salt,  was  brought  to 
bear  upon  the  liquid. 

In  the  following  Table  the  liquids  are  arranged  in  the  order 
of  their  powers  of  transmission. 

Table  LI. 

Transmission  in 
Name  of  liquid.  hundredths  of 

the  radiation. 

Bisulphide  of  carbon 83 

Bisulphide  of  carbon  saturated  with  sulphur  .     .     82 
Bisulphide  of  carbon  saturated  with  iodine     .     .     81 

Bromine 77 

Chloroform     ...  73 

Iodide  of  methyle     .     ' 69 

Benzole 60 

Iodide  of  ethyle "57 

Amylene 50 

Sulphuric  ether 41 

Acetic  ether 34 

Formic  ether 33 

Alcohol 30 

Water  saturated  with  rock-salt 26 

These  results  are  but  approximate,  but  they  are  not  very  far 
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from  the  truth ;  and  it  is  impossible  to  regard  them  without 
feeling  how  purely  the  act  of  absorption  is  a  molecular  act,  and 
that  when  a  liquid  is  a  powerful  absorber  the  vapour  of  that 
liquid  is  sure  also  to  be  a  powerful  absorber. 

To  experiment  with  water,  it  was  necessary  to  saturate  it  with 
the  salt  of  which  the  cell  was  formed,  but  the  absorptive  energy 
is  due  solely  to  the  water.  We  might  infer  fi'om  this  alone,  were 
no  experiments  made  on  the  aqueous  vapour  of  the  atmosphere, 
that  that  vai)our  must  exert  a  powerful  action  vipon  terrestrial 
radiation.  In  fact,  in  all  the  statements  that  I  have  hitherto 
made  I  have  underrated  its  action. 

The  deportment  of  the  elements  sulphur  and  iodine,  dissolved 
in  bisulphide  of  carbon,  is  in  striking  harmony  with  all  that  we 
have  hitherto  discovered  regarding  the  action  of  elementary 
bodies.  The  saturation  of  the  bisulphide  by  sulphur  scarcely 
affects  the  transmission,  while  a  quantity  of  iodine  sufficient  to 
convert  the  liquid  from  one  of  perfect  transparency  to  one  of 
almost  perfect  opacity  to  light,  produces  a  diminution  of  only 
two  per  cent,  of  the  radiation.  This  shows  that  the  heat  really 
used  in  these  experiments  consists  almost  wholly  of  the  obscure 
rays  of  the  lamp.  It  is  worth  remarking  that  the  obscure,  rays 
of  a  luminous  source  have  a  much  greater  power  of  penetration 
in  the  case  of  the  liquids  here  examined  than  the  rays  from  an 
obscure  source,  however  close  to  incandescence.  The  deport- 
ment of  bromine  is  also  very  instructive.  The  liquid  is  very 
dense,  and  so  opake  as  to  cut  off  the  luminous  rays  of  the  lamp ; 
still  it  transmits  77  per  cent,  of  the  total  radiation.  It  stands  in 
point  of  diathermancy  above  every  compound^liquid  in  the  list, 
except  bisulphide  of  carbon.  This  latter  substance  is  the  rock- 
salt  of  liquids. 

Before  a  strict  comparison  can  be  made  between  vapours  and 
liquids,  they  must  be  examined  by  heat  of  the  same  quality,  and 
I  have  already  made  arrangements  with  which  I  hope  to  obtain 
more  complete  and  accurate  results  than  those  above  recorded. 


XI.  On  the  relative  Amounts  of  Heat  produced  hy  the  Chemical 
Combination  of  Ordinary  and  Ozonized  Oxygen.  By  Thomas 
Woods,  M.D.^ 

THE  difference  between  the  physical  conditions  of  ordinary 
oxygen  and  oxygen  in  its  more  active  state,  or  ozone,  does 
not  seem  to  be  known.  Clausius  considers  the  atoms  of  the 
former  to  be  grouped  in  a  binary  arrangement,  and  those  of  the 
latter  to  be  either  isolated,  or  so  joined  to  the  molecules  of  ordi- 

*  Communicated  by  the  Author. 
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nary  oxygen  as  not  to  occupy  any  volume  of  their  own;  whilst 
Von  Babo  and  others  think  an  exactly  opposite  disposition  of 
the  atoms  is  the  true  one. 

The  interest  that  attaches  itself  to  ozone^  both  from  its  pecu- 
liar actions  and  the  extraordinary  constitution  it  must  possess, 
as  shown  by  the  researches  of  Andrews  and  Tait,  make  it  most 
desirable  that  more  should  be  known  about  it.  I  have  endea- 
voured to  do  something  towards  fixing  a  knowledge  of  its  consti- 
tution. I  have  tried  to  find  which  opinion,  Clausius's  or  Von 
Babo's,  is  the  correct  one ;  that  is,  whether  ozone  is  composed  of 
combined  or  isolated  atoms. 

The  manner  in  which  I  have  endeavoured  to  solve  the  pro- 
blem is  founded  on  the  piinciple  I  proved  in  this  Magazine  in 
October  1851,  and  now  universally  admitted,  viz.  that  the  de- 
composition of  compounds  absorbs  heat.  I  thought  that,  sup- 
posing ozone  to  differ  from  oxygen  in  the  arrangement  of  its 
atoms,  less  heat  should  be  produced  by  it  than  by  oxygen  from 
union  with  another  body  if  the  atoms  were  in  a  combined  state, 
because  a  certain  amount  of  the  heat  of  combination  would  be 
absorbed  by  the  decomposition  or  disuniting  of  the  compound 
molecule, — and  that  an  opposite  result  might  be  expected  from  a 
different  arrangement.  I  therefore  determined  to  cause  both 
ordinary  and  active  oxygen  to  unite  with  a  like  body  under 
similar  circumstances,  to  find  which,  if  either,  produced  the 
greater  amount  of  heat.  I  accordingly  mixed  a  measured  quan- 
tity of  ozonized  air  over  water  with  a  known  volume  of  deut- 
oxide  of  nitrogen;  and  with  the  same  quantity  of  ordinary 
air  I  mixed  a  like  volume  of  the  deutoxide  as  in  the  first  experi- 
ment, and  marked  the  rise  of  temperature  with  a  thermometer  in 
both  instances.  I  took  every  possible  precaution  to  ensure  uni- 
formity of  circumstance  in  the  two  series  of  trials,  and  I  repeated 
them  frequently,  but  I  found  that  no  difference  in  the  rise  of 
temperature  produced  was  apparent.  The  increase  of  tempera- 
ture in  both  amounted  to  9°  F. 

The  ozonized  air  was  obtained  by  putting  a  mixture  of  sulphuric 
acid  and  permanganate  of  potash,  according  to  Bottger's  plan, 
under  an  inverted  funnel, the  narrow  end  of  which  entered  a  bottle, 
so  as  to  keep  any  ozonized  air  that  was  produced.  After  twelve 
hours  the  starch-  and  iodide-of-potassium  papers  were  turned 
blue.  I  made  ozone  also  by  leaving  phosphorus  partly  covered 
with  water  in  a  large  bottle.  I  could  not,  however,  compare  the 
air  thus  ozonized  with  common  air,  because  the  former  contained 
a  variable  quantity  of  oxygen.  After  twenty-four  hours'  partial 
immersion  of  the  phosphorus  in  water  nearly  all  the  oxygen  was 
removed,  having  formed  phosphoric  acid;  the  quantity  that 
remained  was  not  known,  and  therefore  could  not  be  compared 
with  ordinary  air. 
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I  also  compared  ozonized  oxygen  (not  mixed  with  nitrogen  as 
in  the  air)  with  ordinary  oxygen  as  to  its  power  of  producing 
heat  by  combining  with  deutoxide  of  nitrogen.  I  mixed,  as  in 
the  previous  experiments,  a  measured  volume  of  each  with  a 
similar  quantity  of  the  deutoxide  over  water,  but  no  difiference 
in  amount  of  increase  of  temperature  resulted.  The  ozonized 
oxygen  was  obtained  by  transmitting  a  current  from  a  Daniell's 
battery  (ten  in  series)  through  water  acidulated  with  sulphuric 
and  chromic  acids. 

It  would  only  be  occupying  space  unnecessarily,  to  give  more 
fully  the  details  of  the  experiments,  as  the  results  were  entirely 
negative,  no  difference  vjhatever  in  the  amount  of  heat  produced  by 
the  combination  in  equal  volumes  of  plain  and  ozonized  oxygen  was 
found.  If,  therefore,  any  arrangement  of  particles  exist  in  one 
oxygen  which  does  not  in  the  other,  these  different  states  of 
aggregation  do  not  at  all  events  require  any  force  to  trans- 
mute them. 

Parsonstown,  July  1864. 


XII.  On  a  Physical  Analysis  of  the  Human  Breath.  By  W.  F. 
Baruett,  Assistant  in  the  Physical  Laboratory  of  the  Royal 
Institution'^. 

IN  a  memoir  by  Professor  Tyndall,  read  before  the  Royal 
Society  on  the  17th  of  March  1864,  it  was  shown  that 
when  a  carbonic  oxide  flame  is  used  as  a  source  of  heat,  the 
absorption  by  carbonic  acid  is  extremely  large,  even  exceeding 
that  by  olefiant  gas,  which  with  other  sources  is  by  far  the  most 
powerful  absorbent.  Thus,  of  the  radiation  from  heated  lamp- 
black, olefiant  gas  absorbs  six  times  as  much  as  carbonic  acid ; 
whilst  of  the  heat  emitted  by  a  carbonic  oxide  flame,  the  absorp- 
tion by  carbonic  acid  at  small  tensions  is  more  than  twice  that 
effected  by  olefiant  gas  at  the  same  pressure. 

This  very  large  absorption  of  heat  by  carbonic  acid,  suggested 
to  me  the  possibility  of  this  method  of  experiment  being  applied 
to  the  determination  of  that  gas  in  certain  cases  where  it  existed 
in  small  quantities.  By  the  desire  and  under  the  direction  of 
Professor  Tyndall  I  have  made,  with  this  view,  several  experi- 
ments upon  air  and  upon  the  human  breath.  As  Professor 
Tyndall  is  now  in  Switzerland,  I  publish  the  results  at  his 
request,  but  without  his  supervision,  and  upon  my  own  respon- 
sibility. 

The  apparatus  used  in  this  investigation  consisted  of  the  same 
instruments  (with  the  exception  of  the  source  of  heat  and  "  front 
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chamber  "),  and  was  arranged  in  the  same  manner  as  that  figured 
in  the  Philosophical  Magazine  for  September  18G1,  and  described 
by  Professor  Tyndall  in  his  memoirs  "  On  the  Absorption  and 
Radiation  of  Heat  by  Gaseous  Matter/'  The  source  of  heat  was 
a  small  flame  of  carbonic  oxide.  It  is  well  known  in  what  a 
capricious  and  unstable  manner  carbonic  oxide  burns  in  the  open 
air,  as  it  is  extremely  difficult  to  keep  a  small  flame  of  this  gas 
from  being  extinguished  when  unguarded  from  the  currents  of 
air  present  in  a  room.  The  first  consideration  was  therefore  to 
provide  a  means  of  protecting  the  source,  so  as  to  bring  it  under 
control  and  render  it  at  once  steady  and  uniform.  The  follow- 
ing method  was  finally  adopted  and  adhered  to  throughout  the 
investigation. 

A  glass  globe  4  inches  in  diameter  had  its  upper  part  drawn 
into  a  short  chimney,  and  its  lower  into  a  neck  which  fitted 
tightly  into  a  brass  gallery,  this  being  held  at  right  angles  by  a 
brass  stem.  At  a  short  distance  from  the  gallery  the  stem  was 
bent  perpendicularly  downwards,  and  then  passed  into  a  suitable 
stand  in  which  it  could  be  raised  or  lowered  at  pleasure,  thus 
enabling  the  lamp  to  be  fixed  at  any  desired  elevation.  The 
globe  was  pierced  by  a  third  opening  midway  between  the  chim- 
ney and  the  neck.  Through  this  aperture,  which  formed  a  tubu- 
lure  I'l  inch  in  diameter,  the  radiation  from  the  source  passed 
unchanged  in  quality  into  the  experimental  tube.  Part  of  the 
interior  surface  of  the  globe  opposite  the  central  opening  was 
thickly  coated  with  silver-leaf,  which  by  reflexion  increased  the 
total  radiation  without  sensibly  altering  its  character.  Through 
the  neck  of  the  lamp  passed  a  brass  tube  terminating  in  a  small 
jet,  by  means  of  which  any  gas  could  be  conveyed  and  burnt  in 
the  centre  of  the  globe. 

Carbonic  oxide  gas,  contained  in  a  large  air-holder,  was  then 
forced  by  gentle  pressure  through  a  regulator,  and  finally  caused 
to  issue  from  the  burner  fixed  in  the  lamp.  The  gas  burnt  with 
a  small  blue  flame  about  half  an  inch  in  length,  which  could  be 
adjusted  by  means  of  stopcocks  or  by  slightly  altering  the  regu- 
lator. And  thus  a  source  of  heat  nearly  constant  from  day  to  day, 
and  extremely  steady,  was  obtained.  In  front  of  the  lamp  was 
mounted  the  brass  experimental  tube,  49*4  inches  long  and  3*4 
inches  in  diameter,  its  ends  being  stopped  by  polished  plates  of 
rock-salt.  As  the  diameter  of  the  tube  was  greater  than  that  of 
the  opening  in  the  lamp,  a  diaphragm  was  made  of  double 
polished  brass  having  a  central  aperture  of  the  same  size  as  the 
opening.  When  fitted  to  the  end  of  the  tube  next  the  source, 
the  stop  completely  suppressed  all  radiation  from  the  heated 
sides  of  the  glass  globe. 

The  radiation  from  the  flame,  after  passing  through  the  expe- 
rimental tube,  fell  on  the  anterior  face  of  a  thermo-electric  pile, 
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and  produced  a  certain  deflection  in  a  delicate  galvanometer ; 
this  deflection  was  neutralized  by  a  compensating  cube  contain- 
ing water  heated  by  steam  and  placed  before  the  opposite  face  of 
the  pile.  The  needle  of  the  galvanometer  was  brought  precisely 
to  zero  by  the  adjustment  of  a  double  metal  screen  placed  between 
the  cube  and  the  pile.  Another  double  screen  of  plated  metal 
was  now  introduced  between  the  tube  and  the  source ;  a  deflec- 
tion of  the  needle  took  place  indicating  the  amount  of  heat  fall- 
ing on  the  posterior  face  of  the  pile  ;  and  as  this  amount  exactly 
neutralized  the  radiation  from  the  flame,  it  corresponded  to  that 
radiation,  and  consequently  gave  the  total  heat  emitted  by  the 
source.  This  deflection  was  carefully  noted;  the  double  silvered 
screen  was  now  removed ;  the  needle  then  descended  to  zero, 
and  everything  was  ready  for  the  first  experiment. 

After  taking  the  total  heat  in  the  above  manner,  the  brass 
adjusting  screen  before  the  compensating  cubewas  left  untouched, 
the  slight  variations  which  occurred  throughout  the  day  being 
remedied  by  altering,  within  small  limits,  the  size  or  distance  of 
the  source. 

The  experimental  tube  having  been  exhausted,  and  the  needle 
of  the  galvanometer  standing  at  zero,  air  from  the  laboratory  was 
drawn  first  over  a  U-tube  filled  with  marble  moistened  with  a 
solution  of  potash,  and  then  over  sulphuric  acid  into  the  experi- 
mental tube.  Whilst  the  air  was  passing  into  the  tube  the  needle 
was  closely  watched  through  a  telescope,  and  it  was  found  that 
the  only  effect  of  30  inches  of  this  pure  air  was  slightly  to  aug- 
ment the  amount  of  heat  passing  through  the  tube,  this  action 
being  due  to  the  feeble  dynamic  radifition  of  the  air.  After  the 
tube  had  been  exhausted,  air  direct  from  the  laboratory,  and 
retaining  therefore  its  carbonic  acid  and  aqueous  vapour,  was 
allowed  to  enter ;  the  needle  instantly  moved  in  the  direction  of 
absorption,  and  when  the  tube  was  filled,  a  deflection  of  9°"3 
was  observed;  this  deflection  corresponds  to  an  absorption  of 
15  per  cent,  of  the  total  radiation.  The  tube  was  again  ex- 
hausted, and  air  was  drawn  into  it  after  passing  over  sulphuric 
acid;  this  dry  air  gave  a  deflection  of  8°'7,  or  13"8  per  cent, 
absorption.  The  small  amount  of  carbonic  acid  present  in  the 
air  could  in  this  case  have  been  the  only  agent  which  intercepted 
nearly  14  per  cent,  of  the  whole  radiation. 

To  be  assured  of  this  remarkable  result,  fragments  of  solid 
potash  were  placed  in  a  glass  tube  about  4  inches  long,  and  com- 
mon air  passed  over  the  potash  alone  into  the  tube,  when  a  de- 
flection of  only  4°,  or  an  absorption  of  6*4  was  obtained.  This 
seems  to  establish  the  fact  that,  with  a  source  such  as  a  carbonic 
oxide  flame,  where  the  chief  radiating  body  is  heated  carbonic 
acid,  the  absorption  by  the  minute  amount  of  carbonic  acid  in 
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our  atmosphere  was  easily  measurable,  and  far  exceeded  the 
absorption  by  the  aqueous  vapour.  The  quantity  of  this  latter 
gas  is  about  35  times  the  quantity  of  carbonic  acid,  and  yet 
the  generally  feeble  carbonic  acid  intercepts  nearly  8  per  cent, 
more  of  the  radiation  from  a  carbonic  oxide  flame.  Taking 
the  average  state  of  our  atmosphere  as  containing  by  volume 
4  parts  of  carbonic  acid  and  140  parts  of  aqueous  vapour  in 
every  10,000  parts  of  air,  and  estimating  the  quantities  of 
these  gases  present  in  the  laboratory  at  the  time  of  experiment 
at  double  this  amount,  the  absolute  quantities  contained  in  the 
experimental  tube  and  producing  the  above  absorptions  are  found 
to  be  '18  cubic  inch  of  carbonic  acid  and  6-3  cubic  inches  of 
aqueous  vapour,  the  capacity  of  the  tube  itself  being  225  cubic 
inches. 

In  the  memoir  by  Professor  Tyndall  referred  to  at  the  com- 
mencement, it  was  stated  that  the  degree  of  accord  between  the 
oscillating  periods  of  the  molecules  of  a  source  of  heat  and  those  of 
a  body  placed  in  the  path  of  its  rays,  determines  the  amount  of  ab- 
sorption which  those  rays  will  undergo  in  passing  through  the  in- 
terposed substance.  This  statement  is  illustrated  in  the  foregoing 
experiments,  whilst  it  was  confirmed  by  substituting  for  the  flame 
of  carbonic  oxide  a  small  flame  of  hydrogen.  Here,  as  before,  air 
passed  over  potash  and  sulphuric  acid  showed  only  slight  dynamic 
radiation ;  common  air  sent  direct  from  the  laboratory  into  the 
tube  gave  a  deflection  of  6^,  or  an  absorption  of  10  per  cent. 
In  the  next  experiment  the  air  was  dried  by  passing  over  sul- 
phuric acid  j  the  needle  in  this  case  showed  no  absoi'ption  what- 
ever, the  same  amount  of  heat  reaching  the  pile  wlien  the  tube 
was  filled  with  dry  air  as  when  the  tube  was  exhausted.  To 
complete  the  comparison,  air  was  di'awn  into  the  tube  after 
being  deprived  of  its  carbonic  acid;  here  a  deflection  of  2'^"5  was 
found,  or  4*4  per  cent,  absorption. 

The  following  Table  shows  these  results  placed  side  by  side  : — 

Table  I. 

Source : 


( 

\ 

Carbonic  oxide  flame. 

Hydrogen 

flame. 

Deflec- 

Absorp- 

Deflec- 

Absorp 

tion. 

tion. 

tion. 

tion. 

Air  passed  over  potash  and^  ° 
sulphuric  acid  .     .     .     J^^ 

0-0 

do 

O'O 

Air  direct  into  tube  .     .     .    9*3 

15-0 

6-0 

10-0 

Air  miyius  aqueous  vapour  .    8-7 

13-8 

0-0 

00 

Air  mimis  carbonic  acid  .     .    4*0 

6-4 

2-5 

4-4 

The  day  on  which  these  measurements  were  made  was  remark- 


ir. 

Absorption  per  100. 

5      . 

.     .     .     18-7 

13      . 

.     .     .     150 

28      . 

.     .     .     18-1 

3      . 

.     .     .     19-3 
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ably  fine  and  dry,  so  that  the  absorptions  are  certainly  below 
those  that  might  be  expected  under  other  circumstances. 

On  different  days  the  absorption  of  the  heat  from  a  carbonic 
oxide  flame  by  common  air  was  found  to  be  as  follows  : — 

Table  II. — Source  :  small  carbonic  oxide  flame. 
Common  air. 
On  March 
On  April 
On  April 
On  May 

It  is  here  evident  that  the  variations  in  the  amount  of  carbonic 
acid  in  the  atmosphere  can  be  detected  by  this  mode  of  experi- 
ment :  such  a  variation  was  strikingly  shown  by  comparing  air 
obtained  from  Brighton  Downs  with  air  taken  from  the  labora- 
tory. In  both  cases  the  air  was  dried,  and  the  determinations 
made  without  altering  the  position  of  the  source  or  experimental 
tube.     The  results  are  : — 

Absorption  per  100. 
Air  from  Brighton  Downs    .     .     13*5 
Air  from  the  laboratory   .     .     .     17*8 

The  foregoing  experiments  led  me  to  examine  the  absorption 
by  the  carbonic  acid  contained  in  our  breath. 

An  india-rubber  bag  fitted  with  a  stopcock  was  filled  with  air 
from  the  lungs.  The  experimental  tube  was  exhausted  and  the 
needle  brought  to  zero,  where  it  steadily  remained.  Breath  from 
the  bag  was  now  passed  over  sulphuric  acid  and  into  the  tube ; 
the  needle  moved  quickly  on  the  side  of  cold,  and  finally  showed 
an  absorption  of  30°-8,  or  50  per  cent.  Half  the  entire  radia- 
tion from  the  carbonic  oxide  flame  was  thus  cut  ofl"  by  the  car- 
bonic acid  mixed  with  the  air  from  the  lungs. 

Smaller  pressures  of  breath  from  the  same  bag  were  next 
allowed  to  enter  the  tube,  the  absorptions  found  are  given  in  the 
following  Table : — 

Table  III. — Source  :  Carbonic  oxide  flame. 

Tension,  in     Deflection.    Absorption 
inches, 

r  1 

3 
Carbonic  acid  of  breath  -<     g 

L30 

The  bag  used  as  a  reservoir  was  put  to  a  direct  test,  and  found 
to  have  no  influence  on  the  absorption. 


o 

per  100. 

7-2 

120 

150 

25-0 

200 

33-3 

30-8 

50-0 
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A  platinum  spiral,  heated  to  whiteness  by  a  voltaic  current, 
was  substituted  for  the  carbonic  oxide  flame, — the  object  of  this 
being  to  compare  the  relative  absorption,  by  air  and  breath,  of 
the  heat  emitted  from  the  incandescent  spiral  and  from  the  flame. 
With  the  spiral  as  source,  30  inches  of  common  air  absorbed  5 
per  cent,  of  the  total  radiation,  while  an  equal  quantity  of  dried 
air  from  the  lungs  gave  almost  exactly  the  same  absorption. 

On  April  26,  experiments  with  the  carbonic  oxide  flame  were 
renewed,  for  the  pui-pose  of  making  numerous  measurements  of 
the  absorption  by  air  from  the  lungs  taken  at  diff"erent  periods, 
and  also  to  determine  the  amount  of  pure  carbonic  acid  neces- 
sary to  produce  the  same  absorption.  The  percentage  of  carbo- 
nic acid  in  breath  could  then  be  calculated ;  and  the  amount 
found  by  this  means,  compared  with  an  accurate  chemical  analy- 
sis, would  show  the  reliability  and  advantages  of  this  novel  mode 
of  experiment. 

The  experiments  were  conducted  in  precisely  the  same  manner 
as  that  already  described. 

Two  large  vulcanized  india-rubber  bags,  provided  with  suitable 
stopcocks  and  connexions,  were  thoroughly  cleansed,  by  dry  air, 
from  any  possible  impurity.  These  bags  were  taken  home,  and 
No.  I.  filled  with  air  from  the  lungs  about  half  an  hour  after 
rising,  and  No.  II.  filled  from  the  lungs  of  the  same  person 
about  10  minutes  after  breakfast.  A  third  and  smaller  bag  was 
also  filled  with  air  from  the  lungs  after  a  brisk  walk. 

Dr.  Frankland  very  kindly  undertook  to  analyze  these  diff"er- 
ent  specimens  of  breath, — the  amount  of  carbonic  acid  in  each 
being  determined  by  him  with  that  precision  which  his  own  deli- 
cate apparatus  and  high  experimental  skill  enabled  him  to  com- 
mand. 

The  same  day  on  which  the  chemical  analyses  were  made,  the 
absorption  by  the  breath  contained  in  each  bag  was  ascertained, 
and  is  given  in  the  next  Table. 


Table  IV.- 

—Carbonic  oxide  flame. 

Bag  No.  I.   . 

Tension,  in 
inches. 

r  1 

.     \  15 
^30 

Absorption 
per  100. 

10-2 
47-2 
50-6 

Bag  No.  II. 

'   1 
.     .  15 

[30 

10-75 
52-8 

Bag  No.  III. 

'  1 

.     \  15 
30 

11-8 
48-7 
53-7 
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The  deflections  are  not  given  in  this  Table,  because  the  absorp- 
tions are  the  mean  of  two  or  more  experiments.  The  first  bag 
was  now  emptied  of  the  remaining  breath  it  contained  and  cleansed 
with  dry  air ;  it  was  then  filled  from  the  lungs  by  Dr.  Frankland, 
after  he  had  undergone  considerable  exertion.  The  absorption 
by  this  breath  is  given  in  the  fifth  column  of  Table  V.,  a  chemi- 
cal analysis  of  it  being  also  made  by  Dr.  Frankland.  In  the 
next  Table  the  absorptions  by  air  from  the  four  bags  are  col- 
lected together  and  can  be  seen  at  a  glance. 


Table  V. 

Tension,  in 

inches. 

Bag  No.  I. 

No.  II. 

No.  III. 

No.  IV 

1    .      . 

.     10-2 

10-7 

11-8 

12-1 

15    .     . 

.     47-2 

48-7 

50-0 

30    .     . 

.     50-6 

52-8 

53-7 

540 

The  analysis  made  by  Dr.  Frankland  gave  the  following  results 
as  the  percentage  amount  of  carbonic  acid  contained  in  the  seve- 
ral bags : — 

Table  VI. 

Air  from  the  lungs 
Carbonic  acid  per  cent,  in  taken 

Bag  No.   I.  .  .  4311  before  breakfast. 

„       II.  .  .  4556  after  breakfast. 

„     III.  .  .  4061  after  walking. 

„      IV.  .  .  5*212  after  severe  exertion. 

By  comparing  in  each  case  the  absorption  given  in  Table  V. 
with  the  analysis  in  Table  VI.,  relative  correctness  is  evident 
with  one  exception,  namely  that  of  bag  No.  III.  An  error 
from  some  cause  must  have  arisen  here,  as  an  inspection  of  the 
two  Tables  shows  that,  whereas  in  all  the  other  cases  increase  in 
absorption  accompanies  increase  in  the  amount  of  carbonic  acid, 
this  bag  is  found  to  have  a  medium  absorption,  but,  according  to 
Dr.  Frankland,  contained  the  least  amount  of  carbonic  acid.  The 
error  may  have  been  caused  by  the  substance  of  the  bag  itself, 
which  was  difiierent  from,  and  newer  than,  the  other  two  that 
were  used.  This  bag  was  therefore  rejected  to  avoid  in  future 
any  chance  of  error,  and  in  subsequent  experiments  the  two  other 
bags,  which  had  been  repeatedly  tested,  were  adhered  to. 

A  series  of  experiments  was  now  commenced  with  a  view  of 
making  quantitative  measurements  of  the  carbonic  acid  in  breath. 

This  was  thought  to  be  easily  accomplished  by  admitting  into 
the  exhausted  tube  a  known  quantity  of  pure  carbonic  acid  until 
a  deflection  was  obtained  corresponding  to  that  produced  by  the 
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breath.  As  the  absorptions  in  the  two  cases  were  equal,  the 
pei-centage  of  carbonic  acid  in  the  breath  could  be  readily  found. 
The  following  Table  shows  how  far  experiment  corroborated 
tlieory : — 

Table  VII. — Source :  Carbonic  oxide  flame. 

Pure  carbonic  acid  gas.  Absorption  per  100. 

2*5  inches 54*5 

4-0  inches 57*7 

30-0  inches    .....     700 

Referring  to  Table  V.,  we  see  that  30  inches  of  breath  from 
bag  No.  IV.  absorbed  54  per  cent,  of  the  whole  radiation.  The 
nearest  approach  to  this  absorption  is  the  first  in  the  above 
Table,  and  from  this  we  may  roughly  assume  that  about  2*4 
inches  of  pure  carbonic  acid  gives  about  the  same  absorption  as 
30  inches  of  dried  breath.  The  following  proportion  should  then 
give  the  amount  of  carbonic  acid  in  the  breath  from  bag  No.  IV., 

30  :  100  : :  2*4  :  8, 

from  which  it  appears  that  the  breath  in  bag  No.  IV.  contained 
8  per  cent,  of  carbonic  acid.  Chemical  analysis  shows  us  that 
there  is  but  5*2  per  cent,  of  carbonic  acid  in  this  specimen  of 
breath.  Here  is  at  once  a  formidable  difficulty.  It  would  be 
impossible  to  doubt  the  correctness  of  Dr.  Frankland^s  analysis, 
for  8  per  cent,  is  far  beyond  the  average  amount  of  carbonic  acid 
found  in  expired  air,  yet  at  the  same  time  the  absorption  was 
most  accurately  determined  and  confirmed  by  repeated  experi- 
ments. Could  any  of  the  conditions  of  experiment  in  the  two  cases 
have  been  different  ?  It  was  just  possible  that  the  burner  in  the 
lamp  might  have  been  moved ;  and  if  raised,  the  radiation  from 
the  heated  jet  would  probably  come  into  play  and  thus  slightly 
alter  the  character  of  the  source.  The  burner  was  therefore 
lowered  a  quarter  of  an  inch,  and  in  this  position  the  following 
observations  were  made  : — 

Table  VIII. — Pure  carbonic  acid  gas. 

Tension,  in  Absorption 

inches.  Deflection,        per  100, 


10  . 
1-5  . 
2-0  . 
2-5  . 
30  . 
Total  heat 


12 


28-2  45-5 

31-5  50-8 

33-0  53-1 

34-5  55-6 

35-5  57-2 

450  1000 
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We  have  here  raised  the  absorption  by  the  pure  gas,  but  the 
calculated  percentage  is  still  very  wide  of  the  mark.  Theoreti- 
cally, nearly  1-6  inch  of  the  pure  carbonic  acid  should  give  the 
same  absorption  as  30  inches  of  breath  from  bag  No.  IV.  The 
discrepancy  was  evidently  not  owing  to  any  external  cause ;  and 
the  only  difference  was,  that  in  the  case  of  breath  the  carbonic 
acid  was  mixed  with  air,  whilst  with  the  pure  gas  no  such  medium 
was  present.  Possibly  the  air  might  have  had  an  effect  upon 
the  carbonic  acid  somewhat  similar  to  that  which  it  is  known 
to  have  upon  aqueous  vapour,  by  preventing  any  partial  conden- 
sation of  the  gas.  The  following  is  the  result  of  an  experiment 
made  to  decide  this  question  : — 

Table  IX. — Pure  carbonic  acid  gas  and  dry  air. 

Tension,  in  Deflection.     Absorption 

inches.  ^  per  100. 

1-0 29-8  44-4 

1-3 320  47-7 

Tube  now  filled  with  dry  air  .  342  53-8 

Total  heat  .....*..  4G-1  1000 

Here  carbonic  acid  at  1'3  inch  tension  absorbed  nearly  47"7 
per  cent,  of  the  heat  from  the  carbonic  oxide  flame;  but  when 
28  inches  of  dry  air,  perfectly  inert  when  alone,  were  added  to 
the  gas  in  the  tube,  the  absorption  was  raised  to  53'8,  or  more 
than  6  ])cr  cent.  This  singular  effect  is  most  probably  owing  to 
the  cause  above  mentioned,  namely,  that  carbonic  acid  at  small 
tensions  is  ])artially  condensed  on  the  polished  surface  of  the 
interior  of  the  tube  :  the  entrance  of  dry  air  removes  the  film, 
and  consequently  throws  a  larger  amount  of  gas  in  the  path  of 
the  rays  from  the  source.  IMany  experiments  were  made  to  put 
this  result  beyond  doubt,  and  to  determine  with  certainty  the 
absorption  by  carbonic  acid  at  different  tensions  when  it  was 
mixed  with  dry  air.  It  was  found  to  be  the  best  mode  of  experi- 
ment to  admit  into  the  tube  a  certain  quantity,  say  20  inches,  of 
dry  air  first,  observing  its  absorption,  if  any,  and  when  the 
needle  was  at  zero,  adding  a  definite  amount  of  pure  carbonic 
acid  to  the  air  in  the  tube.  The  quantity  of  gas  admitted  was 
accurately  found  by  observing,  through  a  magnifying  lens,  the 
depression  of  the  barometer-gauge  attached  to  the  air-pump, 
and  which  was  in  communication  with  the  experimental  tube. 
The  followinc;  Table  contains  some  of  the  results  : — 
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Table  X. — Dry  air  and  carbonic  acid  gas. 

Absorption 
„^  .     ,  „  ,        .        1     .,,    1-,  Deflection.       ijcr  100. 

20  inches  oi  dry  air,  admitted  1  o 

iirst,  gave J 

1*2  inch  of  carbonic  acid       .     .     .  34*5  51*0 

1-5             „             „            ...  35-5  53-4< 

2-0            „            „            ...  370  57-3 

Total  heat 47'5  100-0 

20  inches  of  dry  air O'O  0-0 

1  inch  of  carbonic  acid    .     .     .     .  31-5  48*4 

1-1         „         „               ....  321  49-4 

1-2         „         „               ....  32-7  50-7 

1-3         „         „               ....  33-2  520 

1-4         „         „                ....  33-6  52-9 

1-5         „         „               ....  33-9  53-5 

2-0  inches        „                ....  35  0  56-1 

5-0         „         „                ....  37-8  64-0 

Total  heat :  46-0  1000 

I  next  tried  to  determine  the  absorption  by  carbonic  acid  at 
lower  pressures  than  one  inch,  but  found  that  wlien  the  gas  was 
added  to  the  air  in  the  tube,  it  required  to  obtain  a  certain  ten- 
sion before  absorption  became  manifest.  Although  one-tenth  of 
an  inch  of  gas  can  be  easily  measured  when  added  to  one  or  two 
inches  of  carbonic  acid  already  in  the  tube,  yet  one,  two,  or 
even  three  tenths,  when  admitted  into  an  exhausted  tube,  show 
scarcely  an  appreciable  absorption. 

Table  XI. — Dry  air  and  carbonic  acid  gas. 

Deflection.      Absorption 


o 

per  100. 

21  inches  of  d 

i-y  air  first     ,     . 

0-0 

0-0 

0"1  inch  of  carbonic  acid    .     . 

0-5 

0-7 

0-2 

)) 

0-5 

0-7 

0-3 

)} 

0-5 

0-7 

05 

}) 

21-5 

321 

10 

)) 

32-3 

48-2 

1-2 

}) 

33-2 

50-4 

1-3 

)) 

33-4 

50-9 

1-4 

}) 

33-8 

51-8 

1-7 

» 

350 

54-5 

2*0  inches 

}) 

35-9 

56-8 

Remaining  7 

inches  of  dry  air 

36-0 

57-0 

Total  heat 

46-6 

100-0 
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It  will  be  seen  in  the  above  Table  that  the  absorption  suddenly 
rises  at  five-tenths  of  an  inch  :  it  will  also  be  observed  that  the 
effect  of  filling  the  tube  with  7  inches  of  dry  air  adds  scarcely 
anything  to  the  previous  absorption. 

These  results,  with  a  few  others  not  before  recorded,  are  placed 
together  in  the  following  Table,  in  which  the  first  column  shows 
the  absorption  by  carbonic  acid  alone,  and  the  second  the  absorp- 
tion by  the  same  amounts  of  carbonic  acid  added  to  about  20 
inches  of  dry  air,  the  absorption  by  the  latter  being  nil : — 


Table  XII. 

r 

Tension,  in                     C 

Absorption  per  100  by 

arbonic  acid 

Dry  air  and 

inches.                            gas  alone. 

carbonic  acid 

0-5        

321 

I'O 

45  0 

48-4 

1-0 

44-8 

48-2 

1-1 

•••  • 

49-4 

1-2 

•  •• 

510 

1-2 

•  •* 

50-7 

1-2 

•  •• 

50-4 

1-3 

47-7 

520 

1-4 

•  •• 

52-9 

1-4 

••• 

51-8 

1-5 

50-8 

53-4 

1-5 

•  •• 

53-5 

1-7 

51-2 

54-5 

20 

531 

57-3 

2-0 

530 

56-8 

2-0 

530 

561 

2-5 

54-9 

,,, 

2-5 

>   elifrlif    rlisr»i 

•pni 

xwo 

V,  }i 

.     541 

pfxvppn   snmp  nf 

tViR  rpnpnfpfl   c\ 

tions  is  probably  the  result  of  a  small  chemical  difference  in  the 
carbonic  acid  prepared  at  different  periods. 

This  Table  gives  us  the  power  of  calculating  the  percentage  of 
carbonic  acid  in  the  different  samples  of  breath  ;  to  obtain  greater 
accuracy,  omissions  in  Table  XII.,  and  the  intervals  between  the 
tenths  of  an  inch,  are  calculated  and  given  with  the  mean  expe- 
rimental results  in  the  annexed  Table. 
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Table  XIII. 

Tension  of  gas,  in  Absorption  per  1 00  by 

parts  of  an  inch.  carbonic  acid  and  dry  air. 

0-5       321 

1-0       48-3 

1-05 48-8* 

1-1        49-4 

1-15 50-0* 

1-2        50-7 

1-25 51-3* 

1-3        520 

1-35 52-3* 

1-4        52-6 

1-45 530* 

1-5        53-4 

1-55 53-7* 

1-6  .....  54-0 

1-65 54-3* 

1-7        54-5 

1-75 54-9* 

1-8        55-2* 

1-9        55-9* 

20       56-5 

Referring  to  the  absorption  by  30  inches  of  breath  in  bag 
No.  II.  given  in  Table  V.  and  found  to  be  52'8  percent.,  we  next 
compare  this  absorption  with  the  nearest  approach  to  it  seen  in 
the  above  Table ;  this  is  at  1  '4  of  an  inch  tension ;  this  amount 
of  carbonic  acid,  when  mixed  with  20  inches  of  dry  air,  absorbs 
52*6  per  cent,  of  the  entire  radiation  from  a  carbonic  oxide  flame. 
We  may  therefore  conclude  that  the  absorption  by  30  inches  of 
breath  in  this  case  is  approximately  the  same  as  by  1*4  inch  of 
carbonic  acid  ;  from  which  we  obtain  4'66  as  the  percentage  of 
carbonic  acid  in  the  breath  of  bag  No.  II,  Let  us  now  turn  to 
the  analysis  made  by  Dr.  Frankland  of  the  same  breath.  In 
Table  VI.  we  find  he  states  this  expired  air  to  contain  4'556  of 
carbonic  acid.  Our  determination  is  therefore  a  remarkably 
close  approximation,  considering  the  novelty  of  this  analysis  by 
physical  means,  and  the  difficulties  attending  these  first  experi- 
ments. 

A  number  of  other  specimens  of  breath  taken  at  dififerent 
periods  were  examined ;  their  absorption  and  the  percentage  of 
carbonic  acid  are  given  in  the  following  Table.     Dr.  Frankland 

*  The  absorptions  thus  marked  have  been  intercalated. 
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having  analyzed  only  the  first  four,  the  other   determinations 
remained  unchecked. 


Tab] 

LE  XIV. 

Absorption 

per  100 

Tension  of  CO", 

in  parts  of  an 

inch. 

Percentage  of  carbonic 

ji  f '  I  ( I  T  rt  nun 

By  30  inches 
of  breath. 

By  pnre  car- 
bonic   acid 
and  drv  air. 

ill^lLl    lUullU 

Bag 
No. 

By  absorp-  By  chemical 
tion.            analysis. 

I. 

.     50-6 

50-7 

1-2 

400        4-311 

II. 

.     52-8 

52-6 

1-4 

4-66         4-556 

III. 

.     53-7 

53-7 

1-55 

516         4061 

IV. 

.     540 

540 

1-6 

5-33         5-212 

V. 

.     50-0 

500 

1-15 

3-83 

VI. 

.     52-7 

52-6 

1-4 

4-66 

VII. 

.     50-0 

500 

M5 

3-83 

VIII. 

.     52-1 

520 

1-3 

4-33 

The  percentage  of  carbonic  acid  found  in  bags  No.  II.  and  IV. 
only  vary  0*1  from  the  chemical  analysis  ;  even  this  small  dif- 
ference will  disappear  in  extended-  and  repeated  experiments. 
In  bag  No.  I.  the  difference  amounts  to  0*3  per  cent. :  this 
would  be  considerable  in  a  chemical  analysis;  but  bearing  in 
mind  the  small  data  upon  which  the  physical  determinations  are 
made,  it  is  sufficiently  near  to  prove  the  correctness  of  the  prin- 
ciple and  the  general  accuracy  of  the  observations.  Bag  No.  III. 
shows  a  difference  of  upwards  of  1  per  cent,  between  the  physical 
and  chemical  analyses.  This  anomaly  has  already  been  referred 
to,  and  may  be  accounted  for  by  supposing  that  the  material 
of  which  the  bag  is  composed  had  imparted  to  the  breath  con- 
tained in  it  an  impurity  which  could  not  be  detected  by  chemical 
analysis,  but  which  strongly  influenced  the  more  delicate  mode 
of  experiment. 

In  order  to  make  these  preliminary  experiments  complete,  and 
to  imitate  as  nearly  as  possible  the  condition  of  the  breath  as  it 
entered  the  experimental  tube,  the  following  experiment  was 
made. 

A  glass  bolt-head,  having  rather  a  larger  capacity  than  the 
brass  tube,  w^as  fitted  with  a  cap  and  stopcock  and  well  exhausted. 
It  w^as  connected  v/ith  the  gauge  of  the  air-pump,  and  also  with 
drying-tubes,  leading  to  a  gas-holder  containing  carbonic  acid. 
A  stopcock  was  now  carefully  opened,  and  1*4  inch  of  dry  car- 
bonic acid  allowed  to  enter  the  bolt-head.  The  stopcock  was 
then  promptly  closed,  the  drying-tubes  and  gas-holder  removed, 
and  pure  dry  air  caused  to  fill  the  glass  vessel.  Thus  a  mixture 
was  obtained  containing  1"4  part  of  carbonic  acid,  and  28*6 
parts  of  pure  air,  this  being  about  the  average  composition  of 
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breath.  The  bolt-head  was  next  connected  with  the  experi- 
mental tube,  and  the  latter  thoroughly  exhausted,  the  source  of 
heat  and  the  tube  remaining  the  same  as  in  previous  experi- 
ments. Communication  between  the  bolt-head  and  tube  was 
then  made,  and  closed  when  the  barometer-gauge  had  sunk  15 
inches.  The  needle  showed  a  deflection  of  28°"  1,  or  an  absorp- 
tion of  43'3  per  cent.  When  the  whole  contents  of  the  bolt- 
head  were  allowed  to  diffuse  themselves  between  the  vessel  and 
the  tube,  it  was  found  that  the  mercury  of  the  gauge  had  sunk 
nearly  17  inches.  The  absorption  found  in  the  last  observation 
was  therefore  due  to  rather  less  than  half  the  quantity  of  gas 
admitted  into  the  bolt-head. 

After  the  tube  had  been  cleansed  and  exhausted,  0*7  inch  of 
carbonic  acid  was  allowed  to  enter :  this  quantity  of  gas  gave  an 
absorption  of  3J<"7  per  cent. ;  but  when  14'3  inches  of  dry  air 
were  added  to  the  gas  in  the  tube,  the  absorption  rose  to  43'6 
per  cent.  The  absorption  of  the  mixture  from  the  bolt-head, 
containing  rather  less  than  0*7  inch  of  carbonic  acid,  was  found 
to  be  43*3  per  cent.  Thus  no  difference  exists  between  the  ab- 
sorption when  carbonic  acid  and  dry  air  are  admitted  into  the 
tube  together,  or  when  they  are  allowed  to  enter  successively. 

In  the  first  section  of  this  paper  some  experiments  are  recorded 
which  determine  the  absorption  by  the  carbonic  acid  in  the  atmo- 
sphere. The  amount  of  carbonic  acid  producing  this  absorption  is 
so  extremely  small,  that  it  is  impossible  to  measure  anything  like 
its  quantity  with  the  barometer  attached  to  the  air-pump.  A 
tension  of  only  '012  of  an  inch  of  the  pure  gas  should  theoreti- 
cally be  equal  to  30  inches  of  common  air.  As  yet,  therefore, 
this  estimation  cannot  be  made;  though  possibly  it  might 
be  accomplished  by  making  use  of  the  rectangular  barometer 
invented  by  Cassini  and  Bernoulli,  and  also  by  admitting  the 
carbonic  acid  after  it  has  been  mixed  with  air  in  a  large  receiver. 

Royal  Institution, 
July  1864. 


XIII.   On  the  Physical  Cause  of  the  Change  of  Climate  during  Geo- 
logical Epochs.     By  James  Croll*. 

NO  fact  in  geological  science  is  better  established  than  that 
in  former  periods  of  our  earth's  history  great  changes 
of  climate,  in  so  far  at  least  as  the  northern  portions  are  con- 
cerned, must  have  taken  place.  But  although  there  is  imiversal 
agreement  among  geologists  in  regard  to  the  fact  of  those  changes 
having  taken  place,  yet  there  is  the  greatest  diversity  of  opinion 

*  Communicated  by  the  Author. 
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regarding  their  cause  and  origin.  The  great  diversity  and  ex- 
treme character  of  those  changes,  as  indicated  by  the  remains  of 
ancient ^orte  and/awn^,  are  such  as  to  render  it  difficult  to  find 
any  possible  cause  adequate  for  the  effect. 

The  point  regarding  which  the  greatest  difficulty  has  been 
felt,  is  in  accounting  for  the  extreme  cold  of  the  glacial  epoch, 
and  the  warm  and  tropical  character  of  the  carboniferous. 

Before  entering  on  the  consideration  of  a  cause  which  appears 
in  a  great  measure  to  have  been  overlooked  by  geologists,  we 
shall  briefly  refer  to  a  few  of  the  more  prominent  theories  which 
have  been  advanced  to  account  for  those  changes. 

The  warm  character  of  the  climate  during  the  Silurian,  Car- 
boniferous and  other  periods  of  the  Palaeozoic  age,  was  at  one 
time  generally  referred  by  geologists  to  the  influence  of  the 
earth^s  internal  heat.  But  it  has  been  proved  by  Professor 
William  Thomson*  that  the  general  climate  of  our  globe  could 
not  have  been  sensibly  affected  by  internal  heat  at  any  time 
more  than  10,000  years  after  the  commencement  of  the  solidi- 
fication of  the  surface.  And  Mr.  Hopkins  has  concludedf  that  the 
present  effect  of  internal  heat  is  only- about  l.}^^t\x  of  a  degree  on 
the  mean  superficial  temperature.  Professor  W.  Thomson,  from 
calculations  based  upon  more  correct  data,  has  lately  found  that  it 
onlyamounts  to  aboutyjth  of  adegree  J.  Professor  Phillips,  how- 
ever, is  still  of  opinion  that  the  warm  climates  of  ancient  epochs 
may  have  been  due  to  the  influence  of  internal  heat.  He  does  not 
question  the  correctness  of  the  calculations  made  by  Thomson, 
Fourier,  Poisson,  and  others,  but  thinks  that  they  have  over- 
looked the  fact  that  the  condition  of  the  earth's  atmosphere,  as 
regards  its  power  of  conducting  heat,  might  have  been  different 
in  former  ages  from  what  it  is  at  present.  "  The  state  of  the 
atmospheric  mantle,"  he  says,  "  which  envelopes  the  terraqueous 
globe,  mitigates  solar  heat  and  stellar  radiation,  and,  like  the 
clothing  of  a  steam  cylinder,  prevents  excessive  waste  of  the 
warmth  treasured  within  "§.  It  is  quite  true,  ^'as  Professor 
Phillips  suggests,  that  a  diminution  in  the  conductivity  or  in 
the  diathermancy  of  the  earth's  atmosphere,  and  an  increase  in 
its  height,  would  increase  the  influence  of  internal  heat  on  the 
climate.  But  when  we  reflect  that  under  the  present  condition 
of  the  atmosphere  the  internal  heat  could  not  even  sensibly 
affect  the  climate  after  the  short  period  of  10,000  years  from 
the  commencement  of  solidification  of  the  earth's  surface,  it 
appears  very  improbable  that  our  atmosphere  could  have  ever 

*  Phil.  Mag.  for  January  1863. 

t  Journal  of  the  Geological  Society,  vol.  viii. 

X  Proceedings  of  the  Royal  Society  of  Edinburgh  for  March  21,  1864. 

§  Life  OQ  the  Earth,  p.  163. 
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been  so  far  difFerent  from  what  it  is  at  present,  that  by 
means  of  it  the  internal  heat  could  have  produced  and  main- 
tained that  high  temperature  of  climate  which  is  supposed  by 
some  to  have  prevailed  during  the  long  Palseozoic  ages  of  the 
earth^s  history.  And  besides,  the  important  fact  is  overlooked 
that  any  change  in  the  condition  of  the  atmosphere  which 
would  prevent  the  dissipation  of  the  earth^s  internal  heat  into 
surrounding  space,  such  as  an  increase  in  the  quantity  of 
aqueous  vapour  contained  in  the  atmosphere,  would  at  the  same 
time  tend  to  lower  the  temperature  of  the  earth's  surface  by 
diminishing  the  quantity  of  radiant  heat  reaching  the  surface 
from  without.  Such  a  state  of  things  would  no  doubt  equalize, 
to  a  certain  extent,  the  extremes  of  summer  and  winter  tem- 
perature, but  would  not  very  sensibly  increase  the  mean  annual 
temperature  of  the  climate.  In  fact  it  would  rather  have  an  op- 
posite tendency. 

Some  have  attempted  to  account  for  the  change  of  climate 
by  assuming  that  the  earth's  axis  of  rotation  may  have  shifted 
its  position  in  consequence  of  the  uprising  of  large  mountain 
masses  on  some  part  of  the  earth's  surface  between  the  equator 
and  the  poles.  But  it  has  been  shown  by  Professor  Airy*  and 
others,  that  the  earth's  equatorial  protuberance  is  such,  that  no 
geological  change  on  its  surface  could  ever  possibly  alter  the 
position  of  the  axis  of  rotation  to  an  extent  which  could  at  all 
sensibly  affect  the  climate. 

Others,  again,  have  tried  to  explain  the  change  of  climate  by 
supposing,  with  Poisson,  that  the  earth  during  its  past  geological 
history  may  have  passed  through  hotter  and  colder  parts  of 
space.  This,  to  say  the  least  of  it,  is  not  a  very  satisfactory  hy- 
pothesis. There  is  no  doubt  a  difference  in  the  quantity  of 
force  in  the  form  of  heat  passing  through  different  parts  of  space  ; 
but  space  itself  is  not  a  substance  which  can  possibly  be  either 
cold  or  hot.  If  we  adopt  this  hypothesis,  we  must  therefore 
assume  that  the  earth  during  the  hot  periods  must  have  been  in 
the  vicinity  of  some  other  great  source  of  heat  and  light  besides 
the  sun.  But  the  proximity  of  a  mass  of  such  magnitude  as 
would  be  sufficient  to  affect  to  any  great  extent  the  earth's  cli- 
mate would,  by  its  gravity,  seriously  disarrange  the  mechanism 
of  our  solar  system.  Consequently  if  our  solar  system  had  ever 
during  any  former  period  of  its  history  really  come  into  the  vi- 
cinity of  such  a  mass,  the  orbits  of  the  planets  ought  at  the 
present  day  to  afford  some  evidence  of  it.  But  again,  in  order 
to  account  for  a  cold  period,  such  as  the  glacial  epoch,  we  have  to 
assume  that  the  earth  must  have  come  into  the  vicinity  of  a 

*  Athenaeum  for  September  22,  1860. 
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cold  body.  Astronomical  science  aflFords  not  the  slightest  evi- 
dence in  favour  of  such  an  hypothesis  *. 

A  theory  has  lately  been  propounded  by  Prof.  Franklandf, 
wherein  the  changes  of  climate  experienced  by  our  earth  during 
past  epochs  is  referred  to  a  difference  in  the  influence  of  internal 
heat  on  the  sea  and  on  land.  He  concludes  that  the  cooling  of  the 
floor  of  the  ocean  would  not  proceed  so  rapidly  as  if  it  had  been 
freely  exposed  to  the  air.  And  hence  it  would  continue  at  a 
comparatively  high  temperature  long  after  the  surface  of  the 
dry  land  had  reached  its  present  mean  temperature.  And  as 
heat  is  transmitted  from  the  bottom  to  the  surface  of  the  ocean, 
not  by  conduction,  but  by  convection,  viz.  by  the  warm  stratum 
of  water  in  contact  with  the  bottom  rising  to  the  surface,  the 
temperature  of  the  ocean  would  consequently  be  higher  than 
the  mean  temperature  of  the  earth's  surface.  He  concludes 
that  this  state  of  things  satisfactorily  accounts  for  the  glacial 
epoch.  "  The  sole  cause  of  the  phenomeiia  of  the  glacial  epoch," 
he  says,  "^was  a  higher  temperature  of  the  ocean  than  that 
which  obtains  at  present." 

The  high  temperature  of  the  occiui,  he  believes,  would  give 
rise  to  augmented  atmospheric  precipitation.  This  would  pro- 
duce such  an  accumulation  of  snow  during  winter  months  as 
would  defy  the  heat  of  summer  to  melt.  The  overcast  sky 
during  summer,  caused  by  the  great  amount  of  evaporation, 
would  intercept  the  sun's  rays,' and  thus  reduce  the  summer's 
temperature. 

While  admitting  the  general  correctness  of  Prof.  Franklaud's 
theory,  we,  however,  fear  that  it  does  not  altogether  harmonize 
with  the  facts  of  geology.  There  is  no  evidence  to  support  the 
conclusion  that  the  ocean  was  warmer  during  the  glacial  epoch 
than  at  present;  but,  on  the  contrary,  we  have  geological 
evidence  to  conclude  that  it  must  have  been  much  colder  than 
at  present.  For  example,  on  examining  the  fauna  of  the  marine 
drift  of  that  period,  we  And  that  it  is  decidedly  of  an  arctic  cha- 
racter, indicating  the  low  temperature  of  the  seas  during  that 
epoch.  These  beds  show,  for  example,  that  our  British  seas 
during  that  period  contained  in  abundance  numerous  species  of 
shells  which  are  now  only  to  be  found  in  more  northern  lati- 
tudes X'  111  tliG  glacial  drift  of  Scotland  alone  there  have  been 
found  the  following  species  of  an  arctic  character,  and  which  are 

*  See  Mr.  Hopkins's  remarks  on  this  theory.  Journal  of  the  Geological 
Society,  vol.  viii. 

t  Phil.  Mag.  for  May  1864. 

X  This  important  fact  was  first  noticed  by  Mr.  Smith  of  Jordan  Hill, 
and  communicated  to  the  Wernerian  Society  in  tlie  early  part  of  18.39, 
See  his  Collected  Papers  published  by  John  Gray,  Glasgow. 
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now  extinct  in  our  British  seaSj  viz.  My  a  Uddevallensis,  Saxicava 
rugosa,  Tellina  proxhna,  Thracia  myopsis,  Astarte  arctica,  Leda 
miauta,  Leda  truncatn,  Leda  ohlonga,  Pecfen  Grcenlandicus, 
Pecten  Islandicus,  Margarita  cinerea,  Turritella  erosa,  Scalaria 
Grcenlandica,  Nation  clausa,  Velutina  undata,  Buccinum  ciliatiim, 
Fusus  carinatus,  Cylichna  alba.  Other  arctic  shells,  such  as 
the  Panop(2a  Norvegica,  Puncturella  Noachina,  Nucula  tenuis, 
Trophon  clathratus,Trophon  scalarifoinnis,  Natica  pusilla,  Nation 
helicoides,  Trichotropis  horealis,  Saxicava  arctica,  Hijpothyris 
psittacea,  Margarita  untjidatd,  Margarita  helicina,  Buccinum 
Humphreysianum,  Cyprina  Islandica,  existed  during  the  glacial 
epoch  in  great  abundance  in  our  British  seas,  but  arc  now  fast 
dying  out  in  the  deep  and  cold  recesses  of  the  ocean  where  they 
have  retreated  in  order  to  find  a  temperature  more  congenial  to 
their  nature*. 

We  freely  admit  that  a  warmer  sea  and  a  colder  land  would 
tend  to  produce  an  accumulation  of  snow  and  ice  such  as  pre- 
vailed during  the  glacial  period.  And  did  the  facts  of  geology 
and  the  principles  of  physical  science  favour  the  idea  that  the 
sea  during  that  period  was  warmer  than  at  present,  we  should 
assuredly  admit  the  warm  sea  to  be  at  least  one  of  the  causes 
of  the  glacial  epoch.  But  when  the  very  same  result  may  be 
conceived  to  follow  upon  the  contrary  supposition,  which  agrees 
better  with  the  evidence  of  geology — that  the  sea  was  actually 
colder  during  the  glacial  period  than  at  present — we  feel  inclined 
to  refer  the  cold  of  that  period  to  some  other  cause  thau  to  a 
warm  sea.  That  a  reduction  of  the  mean  temperature  of  both 
land  and  sea  in  our  latitude  would  produce  the  same  effect,  will 
be  obvious  to  all  who  will  but  reflect  that  at  the  present  day 
there  exists  in  places  where  the  mean  annual  temperature  is  not 
much  above  the  zero  of  the  Fahrenheit  scale,  glaciers  in  magni- 
tude equal  to,  if  not  greater  than  any  which  covered  our  valleys 
during  the  glacial  epoch.  At  the  present  day  there  are  glaciers 
upwards  of  50  miles  in  breadth,  and  2000  feet  in  depth, 
merging  into  the  cold  and  frozen  seas  around  the  north  of 
Greenland  f.  Greenland  at  the  present  day  is  probably  a  re- 
presentation of  what  our  island  was  during  the  glacial  period. 

Of  late,  evidence  of  the  most  conclusive  character  has  been 
adduced  by  Prof.  Ramsay  and  others  of  the  existence  of  a 
glacial  epoch  in  this  country  during  the  far  back  Palaeozoic  age. 

*  See  a  valuable  paper  "  On  the  Glacial  Drift  of  Scotland,"  by 
Archibald  Geikie,  F.R.S.E.,  F.G.S.  John  Gray,  Glasgow,  1863.  See  also 
a  paper  by  Prof.  E.  Forbes  "  On  the  Connexion  between  the  Distribution 
of  the  existing  Fauna  and  Flora  of  the  British  Isles,  and  the  Geological 
Changes  which  have  affected  their  area  during  the  period  of  the  Northern 
Drift"  (Memoirs  of  the  Geological  Surve}^  vol.  i.). 

t  See  Dr.  Kane's  '  Second  Expedition,'  vol,  i.  chap,  xviii. 
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But  the  existence  of  glaciers  in  such  an  early  age  is  certainly  in- 
consistent with  Prof,  Frankland^s  theory,  and  in  fact  with  every 
possible  theory  based  upon  the  principle  of  internal  heat. 

Prof.  Frankland  accounts  for  the  glaciers  of  the  Permian 
period  as  follows  : — 

"  I  have  already  argued,"  he  says,  "  that  perpetual  snow 
would  first  tip  the  mountain  peaks,  and  then  slowly  and  gra- 
dually descend  to  the  sea-level.  But  it  must  be  borne  in  mind 
that  during  the  whole  of  the  pre-glacial  period  the  atmo- 
spheric precipitation  was  even  greater  than  during  that  period, 
and  consequently  wherever  the  land  rose  well  above  the  snow- 
line, glaciers,  on  a  scale  far  surpassing  any  of  the  present  time, 
would  be  the  inevitable  consequence  "  *. 

But  glaciers  on  the  sides  of  elevated  mountains  will  not  ex- 
plain the  facts  of  the  Permian  breccia.  These  breccias  aflford 
conclusive  evidence  that  in  that  early  age  our  British  mountains 
were  not  only  covered  wdth  perpetual  snow,  but  must  have  had 
glaciers  stretching  into  the  sea,  and  breaking  up  and  floating 
away  as  icebergs  in  a  manner  similar  to  what  we  find  occurring 
in  Greenland  at  the  present  day.  We  cannot  do  better  than 
state  the  matter  in  Prof.  Ramsay's  own  words. 

"  These  breccias  are  chiefly  formed  of  the  moraine-matter  of 
glaciers,  drifted  and  scattered  in  the  Permian  sea  by  the  agency 
of  icebergs  .  .  .  They  were  therefore  deposited  in  water  with 
considerable  regularity,  and,  as  we  have  seen,  over  a  large  area. 
It  is  altogether  unlikely  that  the  stones  were  poured  into  the 
sea  by  rivers  in  the  manner  in  which  some  conglomerates  are 
formed  on  steep  coasts  where  mountain-ridges  nearly  approach 
the  shore,  1st,  because  the  fragments,  being  derived  almost 
exclusively  from  the  Longmynd  country,  if  the  sea  then  washed 
its  old  shores,  no  river-currents  passing  out  to  sea  could  carry 
such  large  fragments  from  thirty  to  fifty  miles  beyond  their 
mouths  and  scatter  them  promiscuously  along  an  ordinary  sea- 
bottom  ;  and,  2ndly,  if  the  rivers  merely  passed  from  the  Long- 
mynd across  a  lower  land  to  the  sea,  transporting  stones  and 
blocks  of  various  size,  these  would  have  been  waterworn  on 
their  passage  seaward  after  the  manner  of  all  far-transported 
river-gravels,  whereas  many  of  the  stones  are  somewhat  flat,  like 
slabs,  and  most  of  them  have  their  edges  but  little  rounded  "f* 

If  we  adopt  the  theory  that  the  climate  of  our  globe  has  been 
gradually  becoming  colder  during  all  past  ages,  in  consequence 
of  the  gradual  diminution  of  the  influence  of  internal  heat,  how 
are  we  to  account  for  the  glaciers  and  icebergs  of  the  Permian 

*  Phil.  Mag.  for  May  1864. 

t  Journal  of  the  Geological  Society,  vol.  xi.  p.  198. 
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period,  following  as  they  really  do  immediately  after  the  warm 
coal-period  ? 

Passing  beyond  the  coal-period  to  the  earlier  age  of  the  Old 
Eed  Sandstone,  we  again  meet  with  the  evidence  of  glacial  ac- 
tion*. 

It  was  long  ago  suggested  by  Agassiz,  that  the  ancient  climate 
was  subject  to  alternate  depressions  and  risings  of  temperature, 
coinciding  with  great  destruction  and  renewal  of  life.  Modern 
geological  investigation  seems  to  favour  this  conjecture.  "  Thus, 
looking,"  says  Mr.  Page,  "at  the  Cambrian  strata  of  the 
northern  hemisphere — their  angular  grits  and  conglomerates, 
their  extreme  paucity  of  fossil  forms,  and  other  features — we 
are  at  once  reminded  of  the  action  of  ice  and  the  presence  of 
ungenial  conditions.  This  is  followed  over  the  same  areas  by 
the  more  genial  and  exuberant  period  of  Siluria;  which  is  in 
turn  succeeded  by  the  Old  Red  Sandstone,  whose  grits  and 
bouldery  conglomerates,  as  well  as  paucity  of  vegetable  forms, 
once  more  suggest  the  recurrence  of  colder  influences.  Follow- 
ing the  Old  Red,  we  have  the  exuberant  flora  and  fauna  of  the 
coal-period,  again  to  be  succeeded  by  the  scanty  life-forms  and 
grits  and  conglomerates  of  Permia.  Again  the  trias  and  oolite 
of  the  northern  hemisphere  are  characterized  by  life-forms  that 
betoken  warm  and  genial  conditions ;  while  the  chalk  that  suc- 
ceeds imbeds  water-worn  blocks  of  granite  and  lignite,  which 
would  seem  to  imply  the  presence  of  ice-drift  and  deposit  in 
seas  that  were  open  to  boreal  influences.  Next  the  early  terti- 
aries  occur  over  the  same  areas,  marked  by  plants  and  animals 
that  indicate  a  warm  and  genial  climate;  and  this  in  turn  gives 
place  to  the  well-known  glacial  or  boulder-drift  epoch,  once 
more  to  be  succeeded  by  the  milder  influences  of  the  post-ter- 
tiary or  current  era  "  f- 

The  principal  cause  why  geologists  have  been  so  slow  in  ad- 
mitting the  existence  of  cold  epochs  during  the  earlier  ages  of 
our  earth's  history,  is  the  idea  still  entertained  by  some,  that, 
owing  to  the  influence  of  internal  heat,  the  climate  of  our  globe 
was  then  very  much  warmer  than  at  present,  and  that,  ever  since, 
it  has  been  gradually  growing  colder  and  colder  in  consequence 
of  the  decrease  of  internal  heat.  But,  as  we  have  already  seen, 
the  notion  is  quite  erroneous.  If  the  climate  in  former  ages  was 
warmer  than  at  present,  the  cause  must  be  sought  for  elsewhere. 

Some  have  referred  the  change  of  climate  to  a  difference  in 
the  distribution  of  land  and  sea.     It  has  been  supposed  by  some, 


*  See   *  The   Past   and  Present  Life  of  the  Globe.'     By  David  Page, 
F.G.S.,  p.  91 ;  and  'Advanced  Text-Book,'  p.  132. 
t  The  Past  and  Present  Life  of  the  Globe,  p.  190. 
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for  example,  that  the  cold  of  the  glacial  epoch  might  result 
from  the  absence  of  the  Gulf-stream  during  that  period. 

Mr.  Hopkins  calculates  that  the  absence  of  the  Gulf-stream 
would  lower  the  mean  temperature  of  January  24°  F.  in  the 
north  of  Scotland,  bat  could  have  no  sensible  influence  on  the 
July  temperature  of  London,  or  places  in  western  Europe  further 
to  the  south*. 

Mean  annual  temperature  due  to  the  Gulf-stream. 

Iceland 18  F. 

North  of  Scotland  .     .     .  1225 

Snowdon 7*5 

Alps 3 

Were  the  indications  of  ancient  glaciers  confined  to  the 
western  parts  of  Europe,  the  absence  of  the  Gulf-stream  might 
to  a  considerable  extent  account  for  the  phenomena  of  the  glacial 
period.  But  we  know  that  the  glaciation  extended  over  the 
greater  part  of  northern  Europe  and  northern  America.  It  is 
perfectly  evident  that  the  absence  of  .the  Gulf-stream  in  our  seas 
could  not,  for  example,  greatly  lower  the  temperature  of  the 
climate  of  North  America.  Neither  would  a  decrease  of  3°  F. 
in  the  mean  annual  temperature  of  the  Alps,  account  for  the 
enormous  glaciers  which  we  know  existed  there  during  that 
period. 

Sir  Charles  Lyell  supposes  that,  were  the  land  all  collected 
round  the  poles  while  the  equatorial  zones  were  occupied  by  the 
ocean,  the  temperature  of  the  climate  would  be  lowered  to  an 
extent  that  would  account  for  the  glacial  epoch.  And  on  the 
other  hand,  were  the  land  all  collected  along  the  equator,  while 
the  poles  were  covered  with  sea,  a  temperature  such  as  existed 
during  the  coal-period  might  be  produced.  Professor  Phillips 
admits  that  if  the  land  were  all  collected  round  the  poles,  the 
temperature  of  the  globe  would  be  lowered ;  but  he  remarks, 
truly,  that  this  supposition  does  not  agree  with  the  observed 
facts  regarding  the  glacial  deposits,  for  these  require  deep  sea 
over  much  of  what  is  now  in  circumpolar  zones.  Professor 
Phillips  appears  to  doubt  very  much  whether  the  collecting  of 
the  land  along  the  equator  would  sensibly  increase  the  tempera- 
ture of  the  globe ;  but  suggests  that  the  rise  of  temperature 
might  result  from  the  land  being  divided  into  low  islands  scat- 
tered over  the  area  of  the  globe,  amidst  large  breadths  of  water. 
But  he  brings  forward  no  geological  evidence  in  favour  of  such 
a  state  of  distribution  of  land  and  sea  during  the  warm  epochs. 
It  is  perfectly  evident  that  if  the  great  changes  of  climate 

*  Join-nal  of  the  Geological  Society,  vol.  viii. 
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which  have  been  experienced  by  oui-  globe  are  to  be  attributed 
to  differences  in  the  distribution  of  sea  and  land,  changes  on 
the  earth's  surface  of  the  most  extravagant  and  unlikely  character 
must  be  assumed  to  have  taken  place.  Another  objection  which 
we  have  to  all  these  hypotheses  which  have  come  under  our  con- 
sideration is,  that  every  one  of  them  is  irrecoucileable  with  the 
idea  of  a  regular  succession  of  colder  and  warmer  cycles. 

The  recurrence  of  colder  and  warmer  periods  evidently  points 
to  some  great,  fixed,  and  continuously  operating  cosmical  law. 

We  have  already  referred  to  the  hypotheses  of  our  system 
passing  through  colder  and  hotter  parts  of  space,  and  of  the 
shifting  of  the  earth's  axis  of  rotation,  and  have  shown  that  they 
receive  no  support  whatever  from  tlie  known  facts  and  principles 
of  physical  science.  The  true  cosmical  cause  must  be  sought 
for  in  the  relations  of  our  earth  to  the  sun. 

There  are  two  causes  afiFecting  the  position  of  the  earth  in  rela- 
tion to  the  sun,  which  must,  to  a  very  large  extent,  influence  the 
earth's  climate;  viz.,  the  precession  of  the  equinoxes  and  the 
change  in  the  excentricity  of  the  earth's  orbit.  If  we  duly  examine 
the  combined  influence  of  these  two  causes,  we  shall  find  that  the 
northern  and  southern  portions  of  the  globe  are  subject  to  an 
excessively  slow  secular  change  of  climate,  consisting  in  a  slow 
periodic  change  of  alternate  warmer  and  colder  cycles. 

In  a  paper  read  before  the  Geological  Society  in  1830*,  Sir 
John  Herschel  directed  attention  to  the  probable  influence  of 
the  change  in  the  excentricity  of  the  earth's  orbit  as  a  cause  of 
the  change  of  climate  daring  geological  eras.  But  as  no  trust- 
worthy calculations  had  then  been  made  regarding  the  superior 
limit  of  excentricity,  he  was  unable  to  arrive  at  any  positive  re- 
sults on  the  subject.  It  is  true  that  Lagrange  had  investigated 
the  subject,  and  had  arrived  at  resvdts  which  were  afterwards 
found  to  be  almost  correct ;  but  as  this  geometer  had  assigned 
very  erroneous  values  to  the  masses  of  the  smaller  planets,  not 
much  confidence  could  be  placed  in  his  results. 

Owing  to  his  not  having  taken  fully  into  consideration  certain 
conditions  which  greatly  affect  climate.  Sir  John  Herschel  seems 
to  have  been  of  opinion  that  the  general  climate  of  our  globe 
cannot  be  much  affected  by  the  change  in  the  excentricity  of  its 
orbit,  and  this  perhaps  is  the  reason  which  has  led  geologists  in 
general  to  take  for  granted  that  the  changes  in  ancient  climate 
cannot  be  attributed  to  this  cause. 

Both  the  superior  and  the  inferior  limit  of  excentricity  have 
now  been  determined  by  M.  Leverriei",  and  it  may  be  well  to 
examine  to  what  extent  climatic  changes  may  be  referable  to 
this  cause. 

*  Transactions  of  the  Geological  Societv,  2nd  series,  vol.  iii.  p.  2!)a. 
Phil,  Mag.  S.  4.  Vol.  28.  No.  187.  Aug,  1864.  K 


130  ]\Ir.  J.  Croll  on  the  Physical  Cattse  of  the 

According  to  the  calculations  of  Leverrier,  the  superior  limit 
of  the  earth's  excentricity  is  -07775,  and  the  inferior  limit 
•003314.  The  excentricity  is  at  present  diminishing,  and  will 
continue  to  do  so  during  23,980  years  from  the  year  1800*. 

The  change  in  the  excentricity  of  the  earth's  orbit  may  affect 
the  climate  in  two  different  ways ;  viz.,  it  may  affect  the  climate 
by  either  increasing  or  diminishing  the  mean  annual  amount  of 
heat  received  from  the  sun,  or  it  may  affect  it  by  either  increas- 
ing or  diminishing  the  difference  between  summer  and  winter 
temperature. 

Let  us  consider  the  former  case  first.  The  total  quantity  of 
heat  received  from  the  sun  during  one  revolution  is  inversely 
proportional  to  the  minor  axis. 

The  difference  of  the  minor  axis  of  the  orbit  when  at  its 
maximum  and  its  minimum  state  of  excentricity  is  as  997  to 
1000.  This  small  amount  of  difference  cannot  therefore  sensibly 
affect  the  climate.  Hence  we  must  seek  for  our  cause  in  the 
second  case  under  consideration. 

When  the  excentricity  is  at  a  maximum,  the  distance  of  the 
sun  from  the  earth,  when  the  latter  is  in  the  aphelion  of  its 
orbit,  is  no  less  than  102,256,873  miles;  and  when  in  the 
perihelion  it  is  only  87,503,039  miles.  The  earth  is  therefore 
14,753,834  miles  further  from  the  sun  in  the  former  position 
than  in  the  latter.  The  direct  heat  of  the  sun  being  inversely 
as  the  square  of  the  distance,  it  follows  that  the  amount  of  heat 
received  by  the  earth  when  in  these  two  positions  will  be  as 
19  to  26.  According  to  the  determinations  of  Hansen  re- 
garding the  present  excentricity  of  the  earth's  orbit,  the  earth 
during  winter,  when  nearest  to  the  sun,  is  93,286,707  miles 
distant.  Suppose  now  that,  according  to  the  precession  of  the 
equinoxes,  winter  in  our  northern  hemisphere  should  happen 
when  the  earth  is  in  the  aphelion  of  its  orbit,  at  the  time  when 
the  orbit  is  at  its  greatest  excentricity ;  the  earth  would  then  be 
8,970,166  miles  further  from  the  sun  in  winter  than  at  present. 
The  direct  heat  of  the  sun  would  therefore  be  one-fifth  less 
during  that  season  than  at  present ;  and.  in  summer  one-fifth 
more  than  at  present.  The  difference  between  the  heat  of 
summer  and  winter  in  this  case  would  be  two-fifths  greater  than 
at  present.  This  enormous  difference  would  affect  the  climate  to 
a  very  great  extent.  But  if  winter  under  these  circumstances 
should  happen  when  the  earth  is  in  the  perihelion  of  its  orbit, 
the  earth  would  then  be  14,753,834  miles  nearer  the  sun  in 
winter  than  in  summer.  In  this  case  the  difference  between 
winter  and  summer  in  the  latitude  of  this  country  would  be 
almost  annihilated.  But  as  the  winter  in  the  one  hemisphere 
*  Connaissance  des  Temps  for  1843  (Additions). 
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corresponds  with  the  summer  in  the  other,  it  follows  that  while 
the  one  hemisphere  would  be  enduring  the  greatest  extremes  of 
summer  heat  and  winter  cold,  the  other  would  be  enjoying  a 
perpetual  spring. 

It  is  quite  true  that  whatever  may  be  the  excentricity  of  the 
earth^s  orbit,  the  two  hemispheres  must  receive  equal  quantities 
of  heat  per  annum  ;  for  proximity  to  the  sun  is  exactly  com- 
pensated by  the  eifect  of  swifter  motion.  The  total  amount  of 
heat  received  from  the  sun  between  the  vernal  and  autumnal 
equinoxes  is  the  same  in  both  halves  of  the  year,  whatever  the 
excentricity  of  the  orbit  may  be.  For  example,  whatever  extra 
heat  the  southern  hemisphere  may  at  present  I'eceive  from  the 
sun  during  its  summer  months  in  consequence  of  greater 
proximity  to  the  sun,  is  exactly  compensated  by  a  corresponding 
loss  arising  from  the  shortness  of  the  season ;  and,  on  the 
other  hand,  whatever  deficiency  of  heat  we  in  the  northern 
hemisphere  may  at  present  have  during  our  summer  half  year 
in  consequence  of  the  earth's  distance  from  the  sun,  is  exactly 
compensated  by  a  corresponding  length  of  season. 

But  the  surface  temperature  of  our  globe  depends  as  much 
upon  the  amount  of  heat  radiated  into  space  as  upon  the 
amount  derived  from  the  sun.  It  will  be  observed,  however,  that 
this  compensating  principle  holds  only  true  in  regard  to  the 
heat  directly  received  from  the  sun.  In  the  case  of  the  heat 
lost  by  radiation  the  reverse  takes  place.  The  southern  hemi- 
sphere, for  example,  has  not  only  a  colder  winter  than  the 
northern,  in  consequence  of  greater  distance  from  the  sun,  but 
it  has  also  a  longer  winter.  And  this  extra  loss  of  heat  from 
radiation  is  not  compensated  by  its  nearness  to  the  sun  during 
summer  months ;  for,  as  we  have  already  seen,  it  gains  nothing 
in  consequence  of  proximity.  And  on  the  same  principle  our 
winter  in  the  northern  hemisphere,  in  consequence  of  our 
proximity  to  the  sun,  is  not  only  warmer  than  that  of  the 
southern  hemisphere,  but  is  also  at  the  same  time  shorter. 
Consequently  our  hemisphere  is  not  cooled  to  such  an  extent  as 
the  southern.  It  follows  therefore,  other  things  being  equal,  that 
the  mean  temperature  of  the  winter  half  year,  as  well  as  the 
intensity  of  the  sun's  heat,  must  be  inversely  as  the  square  of 
the  sun's  distance.  But  it  is  not  on  this  change  in  the  mean 
winter  temperature,  as  we  shall  presently  see,  that  the  change  of 
climate  chiefly  depends. 

The  Climate  of  the  Carboniferous  Epoch. 

It  is  the  generally  received  opinion  among  both  geologists 
and  botanists  that  the  flora  of  the  coal-period  does  not  indicate 
the  existence  of  a  tropical,  but  a  moist,  equable,  and  temperate 
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climate.  "  It  seems  to  have  become,"  says  Sir  Charles  Lyell, 
"a  more  and  more  received  opinion  that  the  coal-plants  do  not, 
on  the  whole,  indicate  a  climate  resembling  that  now  enjoyed  in 
the  equatorial  zone.  Tree-ferns  range  as  far  south  as  the 
southern  parts  of  New  Zealand,  and  xVraucarian  pines  occur  in 
Norfolk  Island.  A  great  preponderance  of  ferns  and  lyco- 
podiums  indicates  moisture,  equability  of  temperature,  and 
freedom  from  frost,  rather  than  intense  heat"*. 

Mr.  Robert  Brown  considers  that  the  rapid  and  great  growth 
of  many  of  the  coal-plants  showed  that  they  grew  in  swamps 
and  shallow  water  of  equable  and  gonial  temperature. 

"  Generally  speaking,"  says  Mr.  Page,  "  we  find  them  resem- 
bling equisetums,  marsh-grasses,  reeds,  club-mosses,  tree-ferns, 
and  coniferous  trees ;  and  these  in  existing  nature  attain  their 
maximum  development  in  warm,  temperate,  and  subtropical, 
rather  than  in  equatorial  regions.  The  Wcllingtonias  of  Cali- 
fornia and  the  pines  of  Norfolk  Island  are  more  gigantic  than  the 
largest  coniferous  tree  yet  discovered  in  the  coal-measures  "t* 

The  coal-period  was  not  only  characterized  by  a  great  pre- 
ponderance over  the  present  in  the  quantity  of  ferns  growing, 
but  also  in  the  number  of  different  species.  Our  island  pos- 
sesses only  about  50  species,  while  no  fewer  than  110  species 
have  been  enumerated  as  having  inhabited  those  few  isolated 
places  in  England  over  which,  the  coal  has  been  worked.  And 
Humboldt  has  shown  that  it  is  not  in  the  hot,  but  in  the 
mountainous,  humid,  and  shady  parts  of  the  equatorial  regions 
that  the  family  of  ferns  produces  the  greatest  number  of  species. 

".l)r.  Hooker  thinks  that  a  climate  warmer  than  ours  now  is 
would  probably  be  indicated  by  the  presence  of  an  increased 
number  of  flowering  plants,  which  would  doubtless  have  been 
fossilized  with  the  ferns ;  whilst  a  lower  temperature,  equal  to  the 
mean  of  the  seasons  now  prevai/vKj,  would  assimilate  our  climate 
to  that  of  such  cooler  countries  as  are  characterized  by  a 
disproportionate  amount  of  ferns  "J. 

The  enormous  quantity  of  the  carboniferous  flora  shows  also 
that  the  climate  under  which  it  grew  could  not  have  been  of  a 
tropical  character,  or  it  must  have  been  decomposed  by  the  heat. 
Peat,  so  abundant  in  temperate  regions,  is  not  to  be  found  in 
the  tropics. 

The  condition  most  favourable  to  the  preservation  of  vegetable 
remains,  at  least  under  the  form  of  peat,  is  a  cool,  moist,  and 
equable  climate,  such  as  prevails  in  the  Falkland  Islands  at  the 
present  day.     '^ In  these  islands,"  says  Mr.  Darwin,  "almost 

*  Elementary  Geology,  p.  399. 

+  The  Past  and  Present  Life  of  the  Globe,  p.  102. 

X  Memoirs  of  the  Geological  Survey,  vol.  ii.  part  2.  p.  404. 
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every  kind  of  plant,  even  the  coarse  grass  which  covers  the  whole 
surface  of  the  land,  becomes  converted  into  this  substance"*. 

From  the  evidence  of  geology  we  may  reasonably  infer  that 
were  the  difference  between  our  summer  and  winter  temperature 
nearly  annihilated,  and  were  we  to  enjoy  an  equable  climate 
equal  to,  or  perhaps  a  little  above  the  present  mean  annual 
temperature  of  our  island,  wc  should  then  have  a  climate  similar 
to  what  prevailed  during  the  Carboniferous  epoch. 

But  we  have  already  seen  that  such  must  have  been  the  cha- 
racter of  our  climate  at  the  time  that  the  excentricity  of  the 
earth's  orbit  was  at  a  maximum,  and  winter  occurred  when  the 
earth  was  in  the  perihelion  of  its  orbit.  For,  as  we  have  already 
shown,  the  earth  would  in  such  a  case  be  14,753,834  miles 
nearer  to  the  sun  in  winter  than  in  summer.  This  enormous 
difference  would  almost  extinguish  the  difference  between  sum- 
mer and  winter  temperature.  The  almost  if  not  entire  absence 
of  ice  and  snow,  resulting  from  this  condition  of  things,  would 
probably  tend  to  raise  the  mean  annual  temperature  of  the 
climate  higher  than  it  is  at  present. 

The  Climate  of  the  Glacial  and  other  Cold  Epochs. 
In  this  country  the  greater  portion  of  the  moisture  of  the  air 
is  precipitated  in  the  form  of  rain,  and  what  happens  to  fall 
during  winter  as  snow  disappears  in  the  course  of  a  few  weeks 
at  most.  But  were  the  winter  temperature  very  much  reduced, 
it  is  obvious  that  what  now  falls  during  that  season  as  rain, 
would  then  fall  as  snow.  Under  such  circumstances  it  would 
be  very  doubtful  whether  the  heat  of  sunmier  would  be  sufficient 
to  melt  tlic  snow  of  winter.  Whether  this  would  be  the  case  or 
not  would  depend  upon  the  character  of  the  summer.  Under  a 
cloudless  sky,  the  direct  rays  of  the  summer-sun  would,  in  our 
latitude,  be  more  than  sufficient  to  remove  the  winter's  accu- 
mulation of  ice  and  snow.  But  if  from  thick  fogs  or  an  overcast 
sky  the  direct  rays  of  the  sun  were  prevented  from  penetrating 
to  the  earth,  the  heat  of  summer  would  not  in  such  a  case  be 
sufficient  to  remove  the  snow  and  ice;  and  the  formation  of 
glaciers  would  be  the  inevitable  result.  Some  may  at  first  sight 
suppose  that  the  rain  of  summer  would  be  sufficient  of  itself  to 
melt  the  snow  of  winter,  but  such  would  not  be  the  case ;  for 
it  takes  nearly  eight  tons  of  water  at  50°  F,  to  melt  one  ton  of 
snow,  even  when  the  latter  is  already  in  a  thawing  condition. 
It  is  therefore  pei'fectly  evident  that  all  the  rain  of  summer 
would  not  be  sufficient  to  melt  more  than  one-eighth  part  of  the 
snow  of  winter  f.     Prof.  Forbes  found  that  not  more  than  one- 

*  Journal  of  Researches,  chap.  xiii. 
t  Phil.  Mag.  for  May  1864. 
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fiftieth  part  of  the  snow  of  Norway  is  liquefied  by  the  rain  of 
summer. 

The  conditions  necessary  to  the  formation  of  glaciers  would 
be  secured  by  a  state  of  things  the  reverse  of  what  produced  the 
climate  of  the  coal-period,  viz.,  by  winter  occurring  when  the 
earth  was  in  the  aphelion  of  its  orbit,  at  the  time  of  greatest 
excentricity. 

We  have  already  seen  that  the  direct  heat  during  winter 
would,  under  these  conditions,  be  nearly  one-fifth  less  than  at 
present.  This  would  no  doubt  bring  our  mean  winter  tempe- 
rature below  the  freezing-point.  The  low  temperature  of  the 
winter  would  not  only  prevent  the  melting  of  the  ice  and  snow, 
but  would  cause  the  entire  moisture  of  the  air  to  be  precipitated, 
not  in  the  form  of  rain  as  at  present,  but  as  snow.  It  is  also 
more  than  probable  that  a  diminution  of  one-fifth  in  the  total 
quantity  of  heat  received  from  the  sun  during  the  winter  months, 
would  lower  the  temperature  to  such  an  extent  as  would  freeze 
our  British  seas.  It  is  quite  true  that  the  direct  heat  of  the  sun 
during  the  summer  would  be  one-fifth  greater  than  at  present. 
But  it  is  questionable  whether  the,  summers  would  on  this  ac- 
count be  warmer  than  they  are  at  present.  The  temperature  of 
the  summer  is  not  always  proportionate  to  the  quantity  of  heat 
directly  received  from  the  sun.  In  the  Straits  of  Magellan,  in 
53°  S.  lat.,  where  the  direct  heat  of  the  sun  ought  to  be  as  great 
as  in  the  centre  of  England,  MM.  Churruca  and  Galeano  have 
seen  snow  fall  in  the  middle  of  summer ;  and  though  the  day  was 
eighteen  hours  long,  the  thermometer  seldom  rose  above  42°  or 
44°  F.,  and  never  above  51°*. 

The  great  strength  of  the  sun's  rays  during  summer,  due  to 
its  nearness  at  that  season,  would,  in  the  first  place,  tend  to  pro- 
duce an  increased  amount  of  evaporation.  But  the  presence  of 
snow-clad  mountains  and  an  icy  sea  would  chill  the  atmosphere 
and  condense  the  vapour  into  thick  fogs.  The  thick  fogs  and 
cloudy  sky  would  efi'ectually  prevent  the  sun's  rays  from  reaching 
the  earth,  and  the  consequence  would  be  that  the  snow  would 
remain  unmelted  during  the  entire  summer.  In  fact  we  have 
this  very  condition  of  things  exemplified  in  some  of  the  islands 
of  the  southern  ocean  at  the  present  day.  Sandwich  Land, 
which  is  in  the  same  parallel  of  latitude  as  the  north  of  Scot- 
land, is  covered  with  ice  and  snow  the  entire  summer.  And  in 
the  island  of  South  Georgia,  which  is  in  the  same  parallel  as  the 
centre  of  England,  the  perpetual  snow  descends  to  the  very  sea- 
beach.  The  following  is  Capt.  Cook's  description  of  this  dismal 
place  : — "  We  thought  it  very  extraordinary,"  he  says,  "  that 
an  island  between  the  lat.  of  54°  and  55°  should,  in  the  very 
*  Edinburgh  Philosophical  Journal,  vol.  iv.  p.  266. 
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height  of  summer^  be  almost  wholly  covered  with  frozen  snow, 
in  some  places  many  fathoms  deep.  .  .  .  The  head  of  the  bay  was 
terminated  by  ice-clifts  of  considci'able  height ;  pieces  of  which 
were  continually  breaking  oflf,  which  made  a  noise  like  a  cannon. 
Nor  were  the  interior  parts  of  the  country  less  horrible.  The 
savage  rocks  raised  their  lofty  summits  till  lost  in  the  clouds, 
and  valleys  were  covered  with  seemingly  perpetual  snow.  Not 
a  tree  nor  a  shrub  of  any  size  were  to  be  seen.  The  only  signs 
of  vegetation  were  a  strong-bladed  grass,  growing  in  tufts,  wild 
burnet,  and  a  plant-like  moss,  seen  on  the  rocks.  .  .  .  We  are 
inclined  to  think  that  the  interior  parts,  on  account  of  their  ele- 
vation, never  enjoy  heat  enough  to  melt  the  snow  in  such  quan- 
tities as  to  produce  a  river,  nor  did  we  find  even  a  stream  of 
fresh  water  on  the  whole  coast"*. 

This  rigorous  climate  chiefly  results  from  the  rays  of  the  sun 
being  intercepted  by  the  dense  fogs  which  envelope  the  island 
during  the  entire  summer;  and  the  fogs,  again,  are  due  to  the 
air  being  chilled  by  the  presence  of  the  snow-clad  mountains, 
and  the  immense  masses  of  floating  ice  which  come  from  the 
antarctic  seas.  A  reduction  of  one-fifth  in  the  amount  of  heat 
received  from  the  sun  during  winter  would,  in  this  country, 
produce  a  state  of  things  as  bad  as,  if  not  worse  than  that  which 
at  present  exists  in  South  Georgia. 

Some  may  be  apt  to  suppose  that  the  presence  of  the  Gulf- 
stream  would  under  such  a  condition  still  prevent  our  British 
seas  from  freezing  during  winter.  We  may,  however,  remark 
that  it  is  not  necessary  for  us  to  assume  that  our  seas  were  frozen 
during  the  glacial  epoch.  We  know  that  the  seas  around  Sand- 
wich Land,  and  the  island  of  South  Georgia,  are  never  frozen, 
and  yet  the  perpetual  snow  descends  to  a  lower  level  than  it  does 
in  Greenland  or  in  Spitzbergen.  All  that  seems  necessary  would 
be  the  presence  of  immense  masses  of  floating  ice  during  summer 
months,  and  this  we  should  then  no  doubt  certainly  have,  not- 
withstanding the  presence  of  the  Gulf-stream. 

But  if  we  examine  the  matter  fully,  we  shall  find  that  the 
Gulf-stream  as  well  as  the  climate  is  affected  by  the  change  in 
the  excentricity  of  the  earth's  orbit. 

It  is  now  generally  admitted  that  the  cause  of  the  great  oceanic 
currents  is  the  constant  impulse  of  the  trade-winds  on  the  sur- 
face of  the  ocean.  The  trade-winds,  on  the  other  hand,  owe  their 
existence  to  the  difference  of  temperature  between  the  equatorial 
and  polar  regions  of  the  globe.  Now  any  cause  which  tends  to 
increase  or  diminish  this  difference  will,  other  things  being 
equal,  tend  also  to  increase  or  diminish  the  strength  of  these 
aerial  currents.  The  general  tendency  of  the  under  currents  of 
*  Capt.  Cook's  Second  Voyage,  vol,  ii.  pp.  232,  235. 
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the  atmosphere  is  to  pass  from  the  polar  to  the  equatorial  regions. 
We  have  already  seen  that,  as  the  excentricity  of  the  earth's  orbit 
increases,  the  severity  of  the  winter  in  the  one  hemisphere  is 
augmented,  while  that  in  the  other  hemisphere  is  diminished. 
The  glacial  epoch,  as  we  have  already  found,  probably  occurred 
in  Europe  at  the  time  when  the  winters  in  the  northern  hemi- 
sphere were  at  their  severest,  and  those  in  the  southern  hemi- 
sphere at  their  mildest  condition.  The  great  accumulation  of  ice 
and  snow  in  the  northern  regions,  arising  from  the  severity  of 
the  seasons,  and  its  comparative  absence  in  the  southern  hemi- 
sphere, would  tend  to  keej)  the  air  in  the  northern  regions  of  the 
globe  much  colder  than  the  air  in  the  southern  hemisphere,  and 
the  consequence  would  be  that  the  aerial  currents  from  the  north 
would  be  stronger  than  those  from  the  south.  The  general 
effect  of  this  ^tate  of  things  would  be  to  diminish  the  Gulf- 
stream,  as  we  shall  ])rcsently  see. 

According  to  Captain  J)uperrey,  the  constant  ocean  currents, 
of  which  the  Gulf-stream  is  one,  seem  all  to  take  their  rise  from 
three  great  currents  of  cold  water  from  the  south  pole.  We 
have  first  the  great  equatorial  current  of  the  Pacific,  taking  its 
rise  in  a  cold  current  from  the  south  ])ole.  A  portion  of  this 
equatorial  current  passes  through  the  Asiatic  archipelago  and 
joins  a  second  cold  stream  flowing  into  the  Indian  Ocean  from 
the  south.  The  current  then  flows  westward,  passes  round  the 
Cape  of  Good  Hope,  where  it  joins  the  third  southern  current, 
which  passes  along  the  western  coast  of  Africa,  and  then  takes  a 
westerly  direction,  forming  what  is  called  the  equatorial  current 
of  the  Atlantic.  On  approaching  Cape  St.  lloque,  this  current 
divides  itself  into  two  portions ;  the  principal  portion  flowing 
into  the  Gulf  of  IMexico,  and  forming  what  is  known  as  the 
Gulf-stream,  the  other  portion  directing  its  course  to  the  south 
along  the  coast  of  Brazil. 

The  diminution  of  the  aerial  currents  in  the  southern  hemi- 
sphere would  tend  in  the  first  place  to  reduce  the  great  cun*ents 
of  cold  water  from  the  south  pole  which  feed  the  equatorial  cur- 
rents; and  this  in  turn  would  diminish  the  equatorial  current 
of  the  Atlantic,  the  feeder  of  the  Gulf-stream.  The  equatorial 
current  being  reduced,  the  Gulf-stream  would  also  be  reduced. 
But  there  is  another  way  in  which  the  Gulf-stream  is  afiected 
by  this  state  of  things.  At  present  the  S.E.  trades  of  the  At- 
lantic blow  with  greater  force  than  the  N.E.  trades,  and  the 
consequence  is  that  the  S.E.  trades  sometimes  extend  to  10°  or 
15°  N.  lat.,  whereas  the  N.E.  trades  seldom  blow  south  of  the 
equator.  But  during  the  glacial  epoch  the  very  reverse  must 
have  occurred.  Hence  the  great  equatorial  current  of  the  Atlantic 
must  during  that  period  have  been  driven  considerably  to  the 
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south  of  its  present  position.  And  in  this  case,  the  configuration 
of  the  land  being  supposed  to  have  been  similar  to  what  it  is  at 
present,  a  greater  proportion  of  the  current  would  be  turned  into 
the  southern  branch  along  the  Brazilian  coast,  and  of  course  a 
correspondingly  smaller  proportion  would  flow  into  the  Gulf  of 
Mexico.  The  Gulf-stream  would  consequently  be  greatly  di- 
minished, if  not  altogether  stopped. 

If  a  relation  could  be  properly  established  between  geological 
epochs  and  changes  of  climate,  due  to  the  change  in  the  excen- 
tricity  of  the  earth's  orbit,  we  might  then  have  some  hope  of  being 
able  to  arrive,  at  least  approximately,  at  a  knowledge  of  the  posi- 
tive ages  of  the  various  strata  composing  the  earth's  crust.  The 
total  age  of  the  crust  itself,  as  we  have  already  noticed,  can  be 
determined  by  other  means.  Taking  the  temperature  of  melting 
rock  at  7000°  F.,  Prof.  William  Thomson  has  calculated,  from 
principles  of  cooling  established  by  Fourier,  the  probable  age  of 
the  earth's  crust  to  be  about  98,000,000  years*.  The  entire 
geological  history  of  our  globe  must  therefore  be  comprehended 
within  this  period. 

As  yet  no  calculations  have  been  made  regarding  the  time 
when  the  excentricity  was  at  a  maximum,  or  of  the  time  required 
to  pass  from  the  maximum  to  the  minimum  state  of  excentricity. 
In  the  Annales  of  the  Paris  Observatory,  vol.  ii.  p.  29,  there 
is  a  Table  giving  -0473  for  the  excentricity  at  100,000  years 
before  the  year  1800,  and  -0189  for  the  excentricity  100,000 
years  after  1800.  There  are  subordinate  maxima  and  minima 
in  that  interval  of  200,000  years;  but  the  principal  maximum 
I  have  been  informed  does  not  fall  within  that  period.  We 
may  therefoi'e  safely  conclude  that  it  is  considerably  more  than 
100,000  years  since  the  glacial  epoch. 


XIV.   On  the  Dispersion  of  Light  hij  Quartz,  owing  to  the  Rota- 
tion of  the  Plane  of  Polarization.     ByVvoi.  Stefan  f. 

THERE  are  only  two  possible  forms  of  dispersion ;  to  each 
colour  in  white  light  may  be  assigned  either  a  particular 
velocity  of  propagation  or  a  particular  direction  of  vibration.  The 
first  kind  of  colour- dispersion  occurs  in  refraction  and  diffraction ; 
the  second  kind  when  light  passes  through  a  substance  which 
turns  its  plane  of  polarization,  inasmuch  as  the  rotation  has  a 
different  magnitude  for  each  colour. 

A  spectrum  resulting  from  the  alteration  of  the  plane  of  po- 

*  Phil.  Mag.  ^or  January  1863. 

t  Translated  by  Prof.  Wanklyn  from  the  papers  issued  by  the  Kaiser- 
liche  Akademie  der  Wissenschaften  in  Wien,  1864,  No.  15. 
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larization  may  be  exhibited  in  the  following  manner : — Polarized 
light  is  passed  through  the  rotating  medium,  made  to  fall  upon  . 
a  conical  mirror,  which  serves  as  an  analyzer,  and  projected  upon 
a  screen  placed  perpendicular  to  the  axis  of  the  mirror.  The 
white  light  falling  upon  the  cone  appears  spread  out  into  a 
coloured  fan.  Or  a  plate  of  calcareous  spar  is  introduced  into  a 
polarizing  apparatus,  so  that  the  ring-like  figures  appear  small 
and  near  the  centre  of  the  field,  whilst  the  black  cross  is  spread 
over  the  whole  field.  If  the  pencil  of  rays,  where  it  consists  of 
parallel  rays,  be  passed  through  a  plate  of  quartz  cut  perpen- 
dicular to  the  axis,  then  the  black  cross  just  mentioned  will  be 
transformed  into  a  coloured  fan. 

The  occurrence  of  dispersion  through  refraction,  or  through 
alteration  of  the  plane  of  polarization,  leads  to  the  conclusion 
that  in  the  one  case  the  refractive  index,  and  in  the  other  the 
angle  of  rotation  is  a  function  of  the  length  of  the  undulations 
of  a  colour.  Each  colour  is  determined  by  the  length  of  the 
undulations,  also  by  the  refractive  index,  or  by  the  angle  of  rota- 
tion in  a  given  substance.  There  must  therefore  be  a  connexion 
between  the  two  last-named  quantities.  This  connexion  may 
be  disclosed  by  a  prismatic  analysis  of  the  light  as  it  leaves  the 
polarizing  apparatus. 

The  rotation  of  the  plane  of  polarization  is  proportional  to 
the  thickness  of  the  plate  of  quartz.  When  the  latter  is  con- 
siderable, then  the  amount  of  rotation  for  the  different  colours 
is  equal  to  several  complete  revolutions.  When  the  polarizer 
and  analyzer  are  placed  parallel,  the  latter  removes  from  the 
light  coming  through  the  quartz  all  coloured  rays  which  have 
undergone  rotations  which  are  odd  multiples  of  90°.  In  the 
places  of  these  colours,  dark  bands  appear  in  the  spectrum. 
In  order  to  arrive  at  the  number  of  the  bands,  the  thickness  of 
the  plate  in  millimetres  should  be  multiplied  by  ^  and  | ;  the 
number  of  odd  integers  between  the  two  products  is  the  number 
of  bands. 

For  the  purpose  of  getting  the  bands  as  sharply  defined  as 
possible,  the  following  rule  may  be  given  : — Place  the  prism  so 
that  it  gives  with  a  mean  ray  a  minimum  of  deviation,  and  the 
quartz  plate  so  that  the  bands  in  the  fixed  spectrum  have  the 
maximum  deviation.  The  latter  is  the  sign  that  the  rays  pass 
through  the  quartz  parallel  to  the  optic  axis 

On  making  the  analyzer  rotate,  the  bands  pass  from  the  red 

towards  the  violet  end,  or  the  reverse,  according  as  the  analyzer 

moves  in  the  sense  of  the  rotation  of  the  plane  of  polarization 

or  the  contrary.     Thereby  the  number  of  bands  may  be  altered 

,  by  a  unit. 

The  relative  position  of  the  bands   is  dependent  upon  the 
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nature  of  the  substance  forming  the  prism,  and  upon  the  thick- 
ness of  the  rotating  plate.  For  a  prism  made  of  crown  glass  the 
following  propositions  may  be  deduced  from  the  measurements: — 

1 .  The  dark  bands  of  the  spectrum  are  equidistant. 

2.  The  distance  between  two  contiguous  bands  is  inversely 
proportional  to  the  thickness  of  the  quartz  plate  employed. 

3.  The  bands  move  regularly  and  correspondingly  on  turning 
the  analyzer. 

Since  the  dark  bands  answer  to  colours  of  which  the  angles 
of  rotation  differ  by  a  constant  quantity,  it  follows  that  the 
distances  of  the  colours  in  the  spectrum  are  proportional  to  the 
differences  of  their  angles  of  rotation. 

By  the  refractions  in  the  prism,  the  directions  of  propagation 
of  the  coloured  rays^  and  by  rotation  in  the  quartz,  their  direc- 
tions of  vibration  are  spread  out  so  as  to  ft)rm  a  fan.  The  ar- 
rangement of  the  colours  follows  the  same  law  in  both  fans. 

On  calculating  the  refractive  indices  of  the  individual  dark 
bands,  the  following  law  is  arrived  at : — Equal  differences  of  re- 
fractive index  correspond  to  equal  differences  of  rotation.  Angle 
of  rotation  and  refractive  index  are  therefore  in  linear  con- 
nexion ;  consequently  both  are  similar  functions*  of  the  length  of 
the  undulations. 

Making  the  reciprocal  squares  of  the  lengths  of  the  undula- 
tions abscissae  and  the  indices  of  refraction  ordinates,  then,  ac- 
cording to  Cauchy's  law  of  dispersion,  the  terminal  points  of  the 
latter  will  lie  in  a  straight  line.  The  dispersion  through  rota- 
tion in  quartz  follows  therefore  the  same  law.  Biot's  law,  that 
the  angle  of  rotation  is  inversely  proportional  to  the  square  of 
the  length  of  the  undulations,  cannot  be  maintained.  The  line 
drawn  for  the  angles  of  rotation  cuts  the  axis  of  ordinates, 
not  at  the  origin,  but  on  the  negative  side.  If  this  line  is  also 
correct  for  the  ultra-red  rays,  then  for  rays  of  a  certain  length  of 
undulation,  a  right-rotating  quartz  may  become  left -rotating, 
and  vice  versd. 

The  investigation  of  the  spectrum  of  flint  glass  led  to  the  same 
laws.  For  the  spectra  of  water  and  quartz,  it  was  found  that 
the  dark  bands  lay  nearer  to  one  another  towards  the  violet  end. 
A  corresponding  departure  of  the  refraction  produced  by  this 
substance  from  Cauchy's  law  was  therefore  inferred,  and  found 
to  be  supported  by  direct  observation. 

Moreover  a  direct  way  was  devised  for  finding  the  depen- 
dence of  the  angle  of  refraction  upon  the  length  of  the  undula- 

*  If  by  "  similar  functions  "  be  meant  functions  differing  merely  by  a 
constant  multiplier,  as  the  reasoning  in  the  next  paragraph  seems  to  imply, 
the  statement  is  clearly  wrong.  The  author  seems  to  have  forgotten  the 
necessity  of  introducing  an  arbitrary  constant  after  integration.  The  ex- 
perimental results  stated  are  in  perfect  harmony  \vith  Biot's  law. — G.  G.  S. 
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tions.  The  light  proceeding  from  the  analyzer  was  sent  through 
a  fine  grating  {Gitter)  instead  of  through  a  prism  ;  the  dark  bands 
appeared  in  the  spectra  produced  by  difi'raction.  The  bauds  are 
uot  equidistant,  but  approach  one  another  quite  close  at  the 
violet  end.  If  the  reciprocal  squares  of  the  sines  of  the  devia- 
tions of  the  bands  be  taken,  they  will  be  found  to  be  in  arith- 
metical progression.     The  former  law  is  thereby  afresh  supported. 

This  opportunity  was  also  taken  to  measure  the  lengths  of 
undulation  of  the  following  Fraunhofer's  lines,  viz.,  A,  a,  B,  C, 
D,  E,  b,  F,  G ;  and  the  following  values  in  millionths  of  a  milli- 
metre were  found:  759-8,  717-8,  687-2,  655-8,  589-4,  525-3, 
518-7,  484-3,  430-2. 

For  the  angles  of  rotation  of  the  lines  B,  C,  D,  E,  F,  G,  H, 
these  values  were  obtained:  15-55,  17-22,  21-67,  27-46,  32-69, 
42-37,  5098  degrees.  The  constant  part  in  the  dispersiou- 
forraula^is  — 1-697*,  the  part  divided  by  the  square  of  the  length 
of  undulation  is  +8-1088. 

The  foregoing  phenomena  are  well  adapted  for  exhibition  by 
projection.  The  following  arrangement  answers : — Heliostat,  slit 
in  window-shutter,  polarizing  prism",  quartz  column,  analyzing 
Nicol,  lens  of  1 '  metre  focus,  prism  in  minimum  deviation,  or 
grating  directly  against  the  lens,  distance  of  the  latter  from  the 
slit  3  metres,  screen  where  the  image  is  distinct. 

XV.   On  Earth  Currents,  and  their  relation  to  Electrical  and 
Magnetic  Plienoniena.     By  Father  Secchi  t- 

A  RECENT  communication  by  M.  Matteucci  on  Earth  Cur- 
rents, in  which  he  mentions  my  researches  on  the  same 
subject,  affords  me  an  0])portunity  of  presenting  the  results 
which  I  have  obtained  by  comparing  observations  of  magnetized 
bars  and  of  the  atmospheric  electricity.  The  limits  of  this  Note 
prevent  my  entering  upon  the  details  of  these  observations,  and 
I  shall  confine  myself  to  the  principal  results. 

But  before  presenting  these  comparative  results,  I  think  it 
well  to  resolve  some  difticulties  on  the  origin  of  these  currents. 
M.  Matteucci's  investigation  has  proved  directly  that  they  are 
not  the  effect  of  the  chemical  action  of  the  terminal  plates.  I 
have  arrived  at  the  same  conclusion  in  an  indirect  manner  by 
changing  the  terminal  plates,  and  finding  that  the  current  of  the 
plates,  which  is  strong  enough  for  short  circuits,  becomes  very 
feeble  for  the  resistance  of  conductors  when  the  circuit  is  long 
enough,  and  that  in  other  cases  the  direction  is  often  opposite  to 
that  of  the  electromotive  force  of  the  plates.  My  researches, 
moreover,  were  not  directed  towards  the  absolute  value  of  these 

*  There  must  be  some  mistake.  The  constant  term  ought  assuredly  to. 
be  positive. — G.  G.  S. 

t  Comptes  Rendus,  June  27,  1864. 
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currentSj  but  simply  to  their  variations ;  so  that  a  constant  cur- 
rent of  any  origin  would  have  no  influence  on  the  results. 

But  in  these  researches  there  is  a  source  of  error  which  could 
not  be  neglected;  that  is,  the  influence  of  temperature  on  the 
line-wires.  This  may  be  regarded  from  a  twofold  point  of 
view :  (1)  the  current  itself  may  be  considered  to  be  thermo- 
electric in  virtue  of  the  solar  action  on  the  wire ;  (2)  a  variation 
of  resistance  in  these  wires,  due  to  the  temperature,  may  make  a 
constant  current  appear  periodical.  Thus  the  current  from 
Rome  to  Anzio,  although  constant,  might  appear  variable. 

To  resolve  this  difficulty,  it  seemed  to  me  that  the  use  of  two 
wires  at  right  angles,  one  in  the  meridian  and  the  other  in  the 
parallel,  would  give  sufficient  elements;  for,  these  two  wires 
being  subjected  to  almost  the  same  thermal  variations,  the 
resulting  difference  ought  to  have  the  same  phases.  Only 
having  at  my  disposal  the  meridional  wire,  I  requested  M.  Jaco- 
bini,  Inspector  of  Telegraphs,  to  be  good  enough  to  use  his 
leisure  and  the  intervals  of  inactivity  of  a  line  directed  towards 
the  east,  and  to  compare  it  simultaneously  with  another  directed 
in  the  meridian  to  see  if  they  presented  notable  differences. 

M.  Jacobini  commenced  then  a  series  of  observations  between 
Rome  and  Arsoli,  a  station  to  the  east  of  Rome,  50  kilometres 
distant,  in  the  Apennines,  and  which  is  at  right  angles  to  the 
magnetic  meridian.  Observations  were  simultaneously  made 
on  the  line  from  Rome  to  Anzio,  52  kilometres  in  length  and 
on  the  magnetic  meridian,  the  same  line  as  is  used  for  the  Obser- 
vatory. After  several  preliminary  trials,  a  regular  system  of 
observations  was  arranged  towards  the  end  of  May ;  I  give  here 
the  results  of  the  first  half  of  June  from  the  1st  to  the  16th, 
excluding,  however,  the  days  7,  8,  9,  and  10 ;  for  on  these  days 
there  was  a  strong  magnetic  disturbance,  and  currents  in  all 
directions  traversed  the  wire  in  a  very  abnormal  manner,  to 
which  I  shall  afterwards  revert. 

Currents  observed  on  the  Telegraphic  Wire  from  Rome  to 
Arsoli  and  to  Anzio. 


6  A.M. 

7. 

8.      9. 

10. 

11.  f  d- 

day. 

1  P.M. 

2. 

3. 

Arsoli,  E... 
Anzio,  S... 

1°70 
200 

24-0 
ISO 

260  18-6 
20-5  21-0 

l°6-2 
220 

140 
22-4 

116 
220 

140 
20-5 

170 
20-3 

19-5 
18  0 

6.      7. 

8. 

9. 

10. 

11. 

Mid- 
night. 

Arsoli,  E... 
Anzio,  S..., 

180  18-0 
17-5  170 

190  160 
180  20  0 

160 
190 

190 
190 

200 
20-0 

190 
20-5 

230 

20-5 
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The  conclusions  to  be  drawn  from  this  Table  are  obviously 
the  following : — 

(1)  The  fluctuation  of  the  current  in  the  direction  of  the  ver- 
tical (or  equatorial)  is  greater  than  in  the  direction  of  the  meri- 
dian. 

(2)  The  maximum  of  the  one  corresponds  to  the  minimum 
of  the  other,  so  that  the  two  periods  are  almost  complementary; 
thus  the  maximum  of  the  equatorial  is  about  8  o^clock,  and 
the  minimum  of  the  meridian  is  at  7  o'clock,  or  7.30 ;  the  equa- 
torial minimum  is  midday,  and  the  meridional  maximum  between 
11  o'clock  and  midday.  I  say  between  these  limits,  because  as 
the  observations  were  not  always  made  exactly  at  the  hour,  in  the 
mean  these  fractions  of  an  hour  were  reduced  to  the  nearest 
entire  hour,  which  is  adequate  in  this  matter. 

(3)  Besides  the  principal  maxima  and  minima,  there  are, 
after  midday,  other  but  more  feeble  secondary  maxima  and 
minima,  in  which  the  same  law  of  complement  prevails  as 
that  observed  in  the  morning. 

(4)  During  night  the  current  is  almost  constant,  but  higher. 
From  the  nature  of  these  results,  it  appeared  impossible  to 

attribute  these  currents  to  thermal  actions,  from  whatever  point 
of  view  they  are  regarded.  But  these  results  give  a  valuable 
clue  to  the  discovery  of  the  source  of  these  variations,  and  show 
that  it  is  sufficient  to  compare  the  period  of  the  current  in  one 
direction  to  obtain  that  of  the  other ;  and  thus  our  researches  may 
be  utilized  although  made  solely  in  the  direction  of  the  meri- 
dian. 

The  three  following  Tables  condense  the  observations  made 
during  one  year  in  the  meridional  terrestrial  current  from  Rome 
to  Anzio,  and  I  compare  it  with  those  of  the  bifilar  and  of  atmo- 
spheric electricity.  I  do  not  add  the  periods  of  the  declino- 
meter and  of  the  vertical,  because  they  are  simpler  and  better 
known.  The  minimum  of  the  vertical  is  between  11  o'clock 
and  midday  ;  that  of  the  declinometer  according  to  well-known 
laws.  The  maxima  of  the  vertical  are  the  morning  and  the 
evening,  after  which  there  is  a  feeble  nocturnal  minimum. 
What  most  afi'ects  the  bifliar  is  that  its  period  changes  with 
the  season,  so  that  in  winter  the  minimum  after  midday  dis- 
appears. 
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Table  I. — Mean  Values  of  the  Terrestrial  Currents  observed 
between  Rome  and  Anzio  at  the  College  Romain. 


Date. 

Time. 

i 

7  a.m. 

9. 

10.30. 

Mid- 
day. 

1.30  '     o 

P.M.    1      ^• 

6. 

7. 

9. 

10. 

1863. 

' 

May  25  to  28    4-63 

60 

7-5 

6-20 

5-53    3-85 

4-3 

413 

4-33 

4-70 

Aug.  10  to  31     7-31 

9-12 

9-91 

8-90 

7-16    6-98 

6-58J    7-00 

7-37 

7-86 

Sept.  1  to  30    6-90 

7-80 

9-9 

8-3 

6-78    6-43 

6-92,    6-67 

676 

711 

Oct.     1  to  18    81 

8-42 

9-26 

8-17 

7-74    6-28 

625'    610 

6-27 

Nov.    6  to  30  15-62 

1415 

13-77 

13-87 

9-31  14-52 

15-13 

11-31 

11-8 

15  30 

Dec.    1  to  17!  13-84 

11-3 

11-93 

1215 

11-45  1157 

1015 

11-48 

11-86 

1864. 

1 

Jan.     1  to  31 

8-79 

8-95 

8-85 

8-97 

8-42    7-78 

815 

8-56 

8-65 

Feb.     1  to  29 

7-56 

8-2 

8-57 

8-81 

7-98    7-21 

7-20 

6-73 

7-35 

Mar.    1  to  31 

6-87 

8-93 

10-5 

9-55 

6-65    6-21 

6-72|    7-75 

7-95 

Apr.     1  to  24 

5-42 

8-6 

8-75 

7-21 

5-55,    5-34     4-45!    6-34 

6-52 

By  this  long  series  of  observations,  the  diurnal  period  with  its 
principal  minimum  in  the  morning  between  7  and  9  o'  clock, 
and  the  maximum  near  midday,  is  seen  to  be  confirmed ;  but 
the  influence  of  seasons  tells,  for  there  is  anticipation  in  sum- 
mer, and  retardation  in  winter. 

Although  the  absolute  value  of  the  current  does  not  enter 
into  our  discussion,  the  enormous  increase  which  is  attained 
during  the  last  quarter  of  1863,  and  especially  in  the  month  of 
November,  must  not  be  overlooked. 

It  is  interesting  to  compare  these  variations  with  those  of  the 
horizontal  force. 


Table  II.— 

-Indications  of  the  Bifilar. 

Time. 

Therm. 

Date. 

j 

7  a.m. 

9. 

10.30. 

Mid- 
day. 

1.30. 

P.M. 

3. 

5. 

7. 

9. 

10.30. 

Fahren- 
heit. 

1863. 

May 

134-4 

133-7 

136-9 

1360 

137-4 

135-4 

136-5 

135-4  137-4 

136-7 

66-95 

Aug. 

125-4 

1230 

124-6 

1269 

127-9 

127-4 

127-5 

1281  128  7 

129-7 

79-30 

Sept. 

127-2 

124-7 

126-5 

127-9 

129-9 

128-2  124-5 

128-9  129-3 

128-4 

76-42 

Oct. 

1390 

135-9 

134-7 

135-7 

136-9 

135-7 

137-7 

137  3  138-7 

69-63 

Nov. 

149-9 

1473 

146-9 

146-3 

144-4 

144-3 

1448 

145-9  147-4 

148-8 

62-92 

Dec. 

160-7 

155-7 

157-9 

157-2 

1562 

155-4 

156-1 

157-1  157-3 

158-6 

53-12 

1864. 

Jan. 

96-6 

94-2 

93-9 

92-2 

93-3 

92-6 

92-9 

93-3    93-7 

47-67* 

Feb. 

96-8 

941 

92-2 

91-7 

92-9 

92-4 

92-4 

93-3 

94-2 

49-47 

Mar. 

87-5 

84-9 

83-6 

83-9 

84-8 

84-4 

85-6 

85-6 

85-8 

55-84 

Apr. 

85-7 

82-4 

83-7 

86-7 

870 

85-9 

85-6 

86-9 

87-4 

86-5 

53-98 

*  The  scale  changes  at  the  beginning  of  the  year. 
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Here  the  last  column  contains  the  mean  temperature  of  each 
month,  and  a  proportional  correction  of  0*9  must  be  applied  for 
each  degree  of  thermometric  variation.  But  even  after  this  cor- 
rection the  months  of  November  and  December  are  signalized 
by  an  enormous  increase  in  the  absolute  value  of  the  horizontal 
component,  which  I  can  also  verify  in  the  observations  of  Lisbon, 
and  which  I  think  general,  and  w'hich  has  obliged  us  to  change 
the  scale. 

As  regai'ds  the  diurnal  variation,  the  minimum  is  seen  to 
correspond  to  the  maximum  of  the  equatorial  current,  and  in 
the  summer  season  the  two  instruments  exhibit  after  midday 
a  secondary  oscillation  which  disappears  in  winter. 

Lastly,  I  shall  adduce  the  results  of  the  atmospheric  electri- 
city obtained  with  the  moveable  conductor  in  the  same  period  of 
observations.  I  must  first  remark  that  for  their  absolute  value 
the  numbers  must  be  referred  to  the  unit  of  measure  in  the  last 
column,  dividing  them  by  this  number.  M.  Yolpicelli,  in  a  Note 
printed  in  the  Comptes  Rendus,  has  said  that  our  apparatus  con- 
tains a  long  wire  covered  with  gutta  percha,  which  being  agi- 
tated might  falsify  the  indication;  That  is  not  correct ;  for  the 
communication  between  the  conductor  and  the  electrometer  is 
effected  by  a  very  short  wire,  not  more  than  a  metre,  and  which 
is  naked,  having  only  been  varnished  long  after  it  was  ascertained 
that  that  had  no  appreciable  influence. 

Table  IlL — Mean  Monthly  Values  of  the  Atmospheric  Statical 

Electricity. 


Date. 

Time. 

Unit. 

7  a.m. 

9 

10   ^J;i-35    3       5       7       9 

10.30 

1863. 
May    

6-41     7-53 

4-89  4-57  4-8l' 4-60  5-24  7-03 

6-91 
7-59 
4-44 

676 
6-10 

7-09 
6-96 
5  00 
615 
5-20 
5-29 

4-87 
4-25 
4-46 
4-50 

August    

September  ... 

October 

November  ... 

December  ... 

1864. 

January  

February 

March     

April  

6-12 
472 

3-97 
4-46 
4-37 

3-66  ! 
2-75 
3-88  1 
4-13 

7-44 

5-31  

3-81 

3-85 

700 

6-82  6-00 
3-81i4-42 
3-85  i  3-63 
3-35i  3-49 

5-62  4-49  4-72  432  6151810 
4-73!  417]  4-00  500  5-81  6-22 
505  415,  3-98  5  65  5-29  3-98 
4-72  5-58  4-48  8-77i  7-85!  461 
8-13  6-751  6-69  876  8-79  7-09 

1 
7-13  5-96  6-76  632  830  579 
3-89  2  97j2  56  2-74;  5-191  364 
3-32  312!  2-72  3  is!  517  569 
2  64  2-59!  2-78  3-46|  4-64  403 

1         1         1         1 

It  is  seen  by  this  Table  that  in  general  the  electricity  has  a 
double  maximum  and  minimum,  especially  in  summer.  The 
first  maximum  corresponds  in  the  morning  to  1  o'clock,  the  time 
of  the  maximum  of  the  current ;  and  it  is  the  same  with  the 
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maximum  of  the  evening.  But  there  is  this  difference,  that 
while  the  maximum  of  the  morning  is  the  principal  in  the  cur- 
rent, it  is  only  the  secondary  in  statical  electricity. 

The  general  conclusion  to  be  drawn  from  all  this  is,  that  the 
variations  in  the  currents  of  magnetized  bars  and  of  atmospheric 
electricity  may  be  derived  from  the  same  principle  in  motion  ;  that 
this  action  cannot  be  confounded  with  that  of  solar  heating ;  and 
that  rather  a  kind  of  diurnal  electrical  flux  and  reflux  must  be 
assumed  allied  to  the  solar  action,  but  whose  energy  in  this 
transformation  is  manifested  in  a  diff"erent  manner  to  that  of 
direct  heat  and  light.  The  opinion  already  enunciated  by  M. 
De  la  Rive,  that  the  different  variations  of  magnetized  bars  may 
be  derived  from  the  atmospheric  electricity,  appears  thus  to  ac- 
quire great  probability. 

I  shall  conclude  with  a  word  on  the  extraordinary  magnetic 
variations.  Observations  made  during  the  7th,  8th,  9th,  and 
10th  of  June,  when  there  was  a  great  magnetic  disturbance,  have 
once  more  shown  that  these  motions  of  the  bars  are  connected 
with  motions  of  the  currents ;  but  a  profound  discussion  cannot 
find  a  place  here.  I  may,  however,  simply  remark  that  the 
existence  of  irregular  earth  currents  in  telegraphic  wires  lias 
become  to  M.  Jacobini  a  very  marked  sign  of  approaching  bad 
weather  and  surrounding  storms;  and  I  think  this  might  be 
utilized  in  other  telegraphic  lines  for  predicting  the  weather. 
This  is  also  a  new  and  unsought-for  confirmation  of  the  con- 
nexion between  storms  and  magnetic  variations. 

XVI.  Mineralogical  Notes.     By  Professor  N.  S.  Maskelyne 
and  Dr.  Viktor  von  Lang,  of  the  British  Museum. 

[With  a  Plate.] 

[Continued  from  vol.  xxvi.  p.  139.] 

On  some  Combinations  of  Gadolinite.     By  Viktor  von  Lang. 

^""HE  researches  of  A.  E.  Nordenskjold*  and  Th.  Scheererf 
J-  have  shown  that  the  crystals  of  Gadolinite  belong  to  the 
prismatic  system.  To  the  same  conclusion  I  was  led  by  the 
examination  of  the  specimens  of  Gadolinite  in  the  mineralogical 
collection  of  the  British  Museum,  although  several  of  the  crystals 
I  examined  were  of  a  decidedly  oblique  habit.  But  as  we  find 
that  on  such  apparently  oblique  crystals  sometimes  the  longer, 
sometimes  the  shorter  diagonal  of  the  prism  comes  to  simulate 
the  axis  of  symmetry,  we  are  justified  in  considering  that  fact 
only  another  proof  of  the  prismatic  character  of  these  crystals. 

*  Ofversigt.  afKongl.  Veienskap  Akademiens  Forhandlingar,  1859,  No.  7, 
p.  287. 

t  Neues  Jahrbuchfur  Min.  &c.  1861,  p.  134. 

Phil.  Mag.  S.  4.  Vol.  28.  No.  187.  Aug.  1864.  L 
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The  planes  hitherto  known  on  Gadolinite  are* 

10  0,  0  01,  110,  101,  10  2,  111,  112. 

In  addition  to  these  I  have  found  the  new  planes 

210,  014,  211,  3  2  2,  4  2  3,— 

fig.  9,  Plate  III.  representing  the  poles  of  all  these  planes. 

From  the  angles  measured  by  Nordenskjold  with  only  the 
hand-goniometer,  we  deduce  the  elements f 

a:6:c=l:  0-6249:  1-3780. 

They  represent  also  my  measurements  (which  on  the  crystals  of 
Gadolinite  can  never  be  made  with  great  accuracy)  sufficiently 
well,  and  with  them  are  calculated  the  angles  of  the  following 
Table:- 


100. 

0  10. 

001. 

110. 

110 
210 

58  6 
38  40 

32  6 
51  20 

90  0 
90  0 

6  6 
19  20 

201 
101 
102 

19  57 
35  58 
55  26 

90  0 
90  0 
90  0 

70  3 
54  2 
34  34 

60  7 
64  36 
72  30 

014 

90  0 

61  8 

28  52 

65  50 

111 
112 
211 
322 
423 

60  21 
65  10 
41  18 
49  31 
44  3 

37  41 
47  46 
46  10 

53  3 

54  54 

68  58 
52  26 
74  11 
71  42 
66   59 

21  2 
37  34 
24  47 
21  20 
29  43 

The   following   observed    combinations    are   represented   in 
Plate  III. 

Fig.  1.— 001,  110,  101,  102,  111,  112. 

Fig.  3.— 1  0  0,  0  01,  110,  210,  10  1,  210,  211. 

Fig.  4.— 1  00,  010,  110,  210,  101,  102,  111. 

*  In  the  '  Handbook  of  Mineralogy  '  by  Brooke  and  Miller,  a  plane,  e, 
parallel  to  the  axis  b  is  given  with  an  angle  ee'  =  33°  34',  so  that  the  symbol 
of  that  plane  would  become  nearly  (0  14).  But  as  the  crystal  measured 
by  Miller  is  the  same  as  that  investigated  by  Phillips,  a  comparison  of  the 
two  measurements  shows  that  the  above  angle  is  very  probably  to  be  taken 
as  the  inclination  e,  1  0  0.  As  the  calculated  angle  102.100  =  34°  34' 
comes  near  to  the  former  angle,  the  symbol  of  the  plane  e  is  certainly  (10  2). 

t  The  elements  which  I  had  deduced  from  my  measurements  before  I 
became  acquainted  with  Nordenskjold's  memoirs  are 

a:6:c  =  l:0-6289:  1-3746. 


32 

6  calc, 

19 

20 

34 

34 

19 

28 

72 

30 

21 

2 

16 

32 
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These  forms  were  observed  on  large  crystals  from  Ytterby, 
Sweden.  The  crystals  are  of  an  opake  green  material,  which  is 
traversed  by  white  veins  :  they  may  perhaps  be  only  pseudomor- 
phous,  after  the  forms  of  real  Gadolinite.  The  planes  are  here 
and  there  brilliant. 

I  found  on  the  crystals  figs.  1  and  4, 

110.010  =  32  15 
210.110  =  21  appr. 
102.001  =  34  28 

102.101  =  19  10 

110.102  =  72  31 
110.111=21  25 
111.112  =  17  appr. 

The  crystal  fig.  3,  the  right  half  of  which  only  was  developed, 
could  only  be  measured  with  the  hand-goniometer,  and  gave 

101.101  =  74         7\  56  calc. 
110.21  1=25         24  47  „ 

211  being  in  the  zone  [110,  1  0  I] . 

Fig.  2.— 100,  001,  110,  201,  101,  102. 

A  large  black  crystal  engaged  in  reddish  felspar  from  Ytterby. 
I  found  with  the  hand-goniometer, 

001.102  =  34         34  34  calc. 
102.101  =  19^       19  58    „ 
101.201  =  16         16     1    „ 

Fig.  5.— 0 01,  110,  210,  10  2,  111,  112,  014,  3  2  2. 

A  detached  black  crystal,  of  which  fig.  6  gives  a  vertical  pro- 
jection. The  symbols  of  the  new  planes  014  and  3  2  2,  the 
latter  in  the  zone  [110,  10  2],  are  deduced  fx'om  the  following 
approximate  measurements : — 

0 1  4  0  0 1  =  29         28  52  calc. 
110  322  =  22         21  20    „ 
1  1  0  2  1  0  =  201       19  20    „ 

Fig.  7.— 001,  110,  210,  101,  102,  111,  423. 

The  half  of  a  smaller  black  crystal,  which  in  fig.  8  is  repre- 
sented in  vertical  projection.  The  faces  reflect  the  light  very 
badly.  The  following  angles  are  therefore  only  very  rough  ap- 
proximations : — 

110.210  =  17-18         2i  20  calc. 
111.423=     16  18     1    „ 

4  2  3  being  in  the  zone  [111,  1 1  0] . 

L2 
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Notices  of  Aerolites.     By  Nevil  Story  Maskelyne. 

Ktisiali,  Kumaon. 

A  small  but  very  interesting  fragment  of  an  aerolite  was 
sent  to  me  a  few  weeks  since  by  my  friend  Dr.  Oldbam,  the 
Director  of  the  Geological  Survey  of  India.  It  weighs  63  grains. 
It  was  accompanied  by  the  following  statement  from  Dr.  Old- 
ham : — 

"  Small  fragment  of  meteorite  that  fell  close  to  Kusiali  vil- 
lage, in  the  district  of  British  Gurhwal  (say  30°  N.  lat.,  79°  E. 
long.).  There  are  stated  to  have  been  eight  or  ten  explosions 
nearly  half  an  hour  before  the  stone  fell,  to  have  been  a  strong 
light  like  burning  gunpowder  in  the  track  of  the  stone,  which 
came  (apparently  to  observers)  from  the  north-north-west  to 
south-south-east. 

"  The  mass  is  described  to  have  fallen  on  an  open  surface  of 
hard  gneiss- rock,  and  to  have  been  shattered  into  fragments, 
none  of  which  were  larger  than  the  piece  I  send,  most  of  them 
much  smaller." 

The  fall  took  place  a  few  minutes  before  5  o'clock  a.m.,  on 
the  16th  of  June  1860. 

Dr.  Oldham  adds  that  there  was  only  one  other  specimen 
preserved,  and  that  it  has  unfortunately  been  lost.  The  I'cst  of 
the  fragments  were  eagerly  seized  by  the  natives,  who  attribute 
to  these  sky-stones  healing  properties,  that  recall  to  our  minds 
superstitions  that  have  raised  minerals  into  talismans,  from  the 
remotest  time  down  to  our  own  days.  It  may  not  be  impossible, 
however,  that  the  iron  that  is  present  in  these  bodies  in  a  state 
of  such  minute  division  may  have  been  found  to  act  medici- 
nally as  a  tonic. 

The  strange  statement  that  the  fall  of  the  aerolite  was  pre- 
ceded, by  so  long  a  period  as  half  an  hour,  by  a  series  of  explo- 
sions, is  one  so  irreconcilable  with  any  intelligible  explanation 
that  should  connect  the  two  phenomena,  that  we  may  fairly  hold 
ourselves  relieved  from  the  attempt  to  supply  such  an  explana- 
tion. 

The  Kusiali  stone  is  a  chondrite,  but  it  belongs  to  the  group 
of  this  class  which  is  least  charged  with  spherules. 

It  is  very  full  of  the  opake  white  flocculence  which  is  so 
abundant  in  some  aerolites  and  entirely  absent  from  others; 
and  in  the  interstices  of  this  confused  aggregate  of  mineral  are 
seen  crystalline  granules  that  are  sometimes  complete  crystals, 
but  oftener  without  any  geometrical  form  that  can  be  traced. 
These  generally  seem  to  be  olivine,  but  they  are  also  sometimes  in 
bars, and  have  occasionally  the  divergent  structure,  features  which 
I  take  to  bcj  in  these  as  in  similar  cases,  characteristic  of  the  au- 
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gitic  and  felspathic  ingredients  of  the  aerolite.  The  Labradorite 
crystals  in  some  Melaphyrs,  and  especially  in  a  specimen  from 
Darmstadt  (among  several  that  M.  Kesselmeyer  was  so  good  as 
to  forward  to  me),  present  a  remarkable  similarity  to  some  of 
these  bacillary  aerolitic  minerals,  and  are  similarly  associated 
with  a  white  nearly  opake  body. 

The  section  of  the  Kusiali  meteorite  is  sprinkled  with  small 
iron-particles,  and  by  Ti'oilite  in  a  somewhat  smaller  amount. 

Kaee,  Oude. 

Among  the  recent  acquisitions  made  to  the  Collection  of 
Meteorites  in  the  British  Museum  is  a  stone  presented  by  Tho- 
mas Maclear,  Esq.,  Astronomer  Royal  at  the  Cape  of  Good  Hope. 

This  unique  little  aerolite  was  accompanied  by  a  document  in 
Persian,  which  was  "  a  copy  of  the  original  in  the  intelligence 
department  of  the  district  of  Sandee  in  the  Elakar  or  country 
of  Aga  Mirza  (in  the  kingdom  of  Oude),  dated  2nd  of  Zeekad, 
1253  hizree,  corresponding  with  January  29,  1838." 

The  stone,  and  the  record  of  its  fall,  were  sent  by  the  King 
of  Oude  to  Col.  Caulfield,  Acting  Resident  at  the  Oude  Court, 
to  be  forwarded  to  the  Resident,  Col.  Low,  C.B.  Col.  Low 
gave  them  to  the  Astronomer  Royal  at  the  Cape,  to  whose  libe- 
rality the  British  Museum  has  been  indebted  for  them,  as  on 
previous  occasions  it  had  been  for  specimens  of  the  Cold  Bok- 
keveldt  Meteorite. 

The  certified  translation  of  the  Persian  document  runs  as 
follows  : — "  To-day,  after  sunset,  though  there  were  no  clouds, 
thunder  was  heard,  and  the  men  were  astonished !  It  was 
afterwards  ascertained  that  in  the  village  of  Kaee,  held  in  nakar 
(rent-free)  by  Hidayut  Allee,  the  Taalookdar  of  the  village  of 
Kugtalee,  &c.,  a  stone  fell  from  the  sky.  The  aforesaid 
Taalookdar  sent  that  stone  to  the  reporter  of  intelligence;  its 
colour  is  black,  and  it  weighs  17  tollahs  and  6  massahs." 

This  "  sky-stone,"  as  it  is  called  in  the  Persian  superscription, 
is  a  small  complete  aerolite,  presenting  the  well-known  a|)pear- 
ance  of  an  irregular  solid,  bounded  by  planes  comparatively  flat 
with  their  edges  rounded.  The  crust  had  been  broken  away 
along  two  of  the  edges,  and  one  of  these  has  been  worked  so  as 
to  exhibit  a  considerable  polished  surface,  in  which  the  characters 
of  the  stone  may  be  seen.  The  weight  of  the  stone  is 
7  oz.  160  grs.  In  external  appearance  the  Kaee  stone  much 
resembles  the  aerolites  of  Doroninsk,  Ohaba,  and  Griiuberg, 
and  is,  like  them,  a  member  of  the  large  Chondritic  class  of  Rose. 
They  present  on  their  polished  faces  much  meteoric  iron,  in 
small  but  thickly  sown  and  pretty  equably  disseminated  grains, 
rather  showing  a  tendency  to  agglutination  or  to  being  strung 
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together.  Spherules  remarkably  round,  and,  in  section,  very 
dark  and  brilliant,  are  plentifully  distributed  through  the  mass 
of  the  stone,  and  are  associated  with  others  of  a  lighter  hue. 
The  aerolite  is  very  compact  and  takes  a  good  polish.  Its  spe- 
cific gravity  is  3 '63.  It  contains  Troilite  in  about  an  equal 
proportion  in  bulk  to  the  iron,  and  it  is  similarly  disseminated.  In 
the  microscope  some  of  the  spherules  are  seen  to  consist  of  the 
grey  mineral,  with  a  fan-like  structure  radiating  from  an  edge  or  a 
point  external  to  the  spherule,  apparently  belonging  to  one  of 
the  oblique  systems.  There  are  also  the  usual  kinds  of  spherule, 
in  which  the  clear  olivine-like  mineral  is  seen  fomiing  a  sort  of 
breccia,  and  engaged  in  a  flocculent  aggregate  of  confusedly 
crystalline  matter,  from  which  a  ray  of  polarized  light  emerges 
without  any  definite  plane  of  polarization.  Similar  ingredients 
fill  the  interspherular  space,  and  the  aspect  of  the  aerolite  in  the 
microscope  is  that  of  a  pretty  uniform  mixture  of  this  flocculent 
aggregate  and  fragmentary  but  clear  crystals.  There  are  like- 
wise a  few  crystals  or  broad  clear  bars  of  crystal,  unlike  the 
ordinary  olivine  in  their  habit,  but  with  their  plane  of  polarization 
parallel  or  perpendicular  to  the  direction  of  the  bar.  It  is  not 
likely  to  be  augite  seen  in  a  section  parallel  to  the  plane  10  0 
(and  perpendicular  to  the  axis  of  symmetry) ;  and  it  is  difficult 
to  resist  suggesting  the  probability  of  its  being  enstatite,  cut  pro- 
bably nearly  parallel  to  one  of  its  planes  of  cleavage.  It  is  not 
a  rare  ingredient  of  aerolites. 

XVII.  Note  on  the  History  of  the  Dynamical  Theory  of  Heat. 
By  James  P.  Joule,  LL.D.,  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

SOME  observations  in  Professor  TyndalPs  '^  Notes  on  Scien- 
tific History  "  call  for  an  early  notice  on  my  part.  After 
the  perusal  of  this  article,  I  freely  admit  that  I  erroneously  took 
the  degrees  in  the  fifth  column  of  Seguin's  Table  for  thermal 
units  in  kilogrammes.  I  regret  this  oversight  the  more  particu- 
larly, as  it  seems  to  have  misled  others  who  have  since  written  on 
the  subject.  But  I  must  still  express  my  conviction  that  in  the 
statement  of  his  hypothesis  Seguin  anticipated  Mayer.  To 
prove  this,  I  will  give  the  following  extracts  from  the  Chemins 
de  Fer : — 

" il  me  parait  plus  naturel  de  supposer  qu'une  certaine 

quantite  decalorique  disparait  dans  Facte  memede  la  production 
de  la  force  ou  puissance  mecanique,  et  reciproquement;  et  que 
les  deux  phenomenes  sont  lies  entre  eux  par  des  conditions  qui 
leur  assignent  des  relations  invariables.     11  resulterait,  comme 
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consequence  de  cette  maniere  d'envisager  les  faits,  que  si  Pon 
fait  passer  directement  de  la  vapeur  d'eau,  de  la  chaudiere  qui  la 
produit  a  travers  une  masse  d^eau  dans  laquelle  elle  se  condense, 
cette  vapeur  elevera  plus  la  temperature  de  Feau  que  si  on  la 
faisait  servir  prealablement  fl  mettre  en  jeu  une  machine  jl  vapeur, 
dans  laquelle  elle  perdrait  une  partie  de  son  ressort."   (p.  382.) 

"  L^abaissement  de  temperature  qui  accompagne  Texpansion 
de  tout  fluide  aeriforme  dans  un  espace  plus  grand  que  celui  qui 
repond  au  degre  de  tension  oii  il  etait  d'abord,  et  le  phenomene 
oppose,  ou  la  production  de  chaleur  qui  est  toujours  la  suite  de 
sa  compression,  me  paraissent  deux  circonstances  qui  viennent 
k  I'appui  de  cette  assertion."  (p.  383.) 

"  Je  vais  done  raisonner  dans  I'hypothese  que  I'abaissement 
de  temperature  de  la  vapeur,  lorsqu'elle  se  dilate,  represente 
exactement  la  quantite  de  puissance  qui  apparait  alors."  (p.  384.) 

"  Entin  I'abaissement  subit  de  temperature  de  la  vapeur 
lorsqu'elle  s'echappe  dans  Fair,  circonstance  mise  a  profit  de  nos 
jours  pour  utiliser  son  ressort  et  sa  puissance,  montre  que,  dans 
ce  cas,  I'efFort  qu'elle  exerce  en  recul  contre  les  appareils  qui  la 
laissent  echapper,  ou  la  vitesse  qu'elle  communique  k  Fair  am- 
biant,  forment  un  equivalent  de  la  perte  de  chaleur  qu'elle 
eprouve."  (p.  394.) 

S^guin  gives  data  from  which  the  mechanical  equivalent  of  heat 
may  be  readily  deduced  on  his  hypothesis,  the  result  being  too 
great  in  consequence  of  the  thermal  effect  of  the  compi'ession  of 
vapour  being  understated.  Neither  in  Seguin'swritingof  1839,nor 
in  Mayer's  paper  of  1842,  were  there  such  proofs  of  the  hypothesis 
advanced  as  were  sufficient  to  cause  it  to  be  admitted  into  science 
without  further  inquiry.  I  believe  that  the  experiment  attributed 
to  Gay-Lussac  was  not  referred  to  by  Mayer  previously  to  the  year 
1845.  Mayer  appears  to  have  hastened  to  publish  his  views  for 
the  express  purpose  of  securing  priority.  He  did  not  wait  until 
he  had  the  opportunity  of  supporting  them  by  facts.  My  course, 
on  the  contrary,  was  to  publish  only  such  theories  as  I  had  esta- 
blished by  experiments  calculated  to  commend  them  to  the  scien- 
tific public,  being  well  convinced  of  the  truth  of  Sir  J.  Herschel's 
remark,  that  "  hasty  generalization  is  the  bane  of  science." 

I  applied  the  dynamical  theory  to  steam-engines,  to  electro- 
magnetic engines,  to  vital  processes,  and  to  chemistry  in  1843. 
In  the  postscript  alluded  to  in  §  50  of  Mr.  Tyndall's  article,  I 
intended  the  word  "apprehend"  to  express  the  meaning  applied 
to  it  in  Johnson's  Dictionary,  viz.  "to  conceive  by  the  mind," 
not  "to  conjecture*  ".  My  popular  lecture  will  show  that  the 
outlines  of  cosmical  and  other  applications  of  the  theory  were  so 

*  [With  respect  to  this  passage,  we  had,  before  receiving  Dr.  Joule's 
communication,  been  requested  by  Prof.  Tyndall,  in  a  letter  dated  Pontre- 
sina,  July  18,  to  substitute  the  word  "statement"  for  "conjecture".— W.F.] 
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familiar  to  my  mind,  and  such  obvious  deductions  from  what  I 
had  established,  that  I  did  not  deem  them  of  sufficient  novelty 
to  present  them  to  our  own  local  scientific  Society. 

1  believe  that  no  one  who  has  the  advantage  of  acquaintance 
with  Prof.  Thomson  will  for  a  moment  doubt  his  eagerness  to 
give  due  credit  to  M.  Mayer's  just  claims.  But  has  justice 
been  done  to  Thomson  himself,  who  has  done  far  more  than  any 
other  individual  towards  the  application,  development,  and  pro- 
mulgation of  the  dynamical  theory  of  heat  ?  I  fear  not. 
I  am.  Gentlemen, 

Yours  very  respectfully, 

James  P.  Joule 
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May  26,  1864. — Major-General  Sabine,  President,  in  the  Chair. 
^IIE  following  communication  was  read  : — 

"On  the  Spectra  of  some  of  the  Fixed  Stars."  By  W.  Huggins, 
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F.R.A.S.,  and  William  A.  :\Iiller,  M.D.,  LL.D. 

After  a  few  introductory  remarks,  the  authors  describe  the  appa- 
ratus which  they  employ,  and  their  general  method  of  observing  the 
spectra  of  the  fixed  stars  and  planets.  The  spectroscope  contrived 
for  these  inquiries  was  attached  to  the  eye  end  of  a  refracting  tele- 
scope of  10  feet  focal  length,  with  an  8-inch  achromatic  object-glass, 
the  whole  mounted  equatorially  and  carried  by  a  clock-movement. 
In  the  construction  of  the  spectroscope,  a  plano-convex  cylindrical 
lens,  of  14  inches  focal  length,  was  employed  to  convert  the  image 
of  the  star  into  a  narrow  line  of  light,  which  was  made  to  fall  upon 
a  very  fine  slit,  behind  which  was  placed  an  achromatic  coUimating 
lens.  The  dispersing  portion  of  the  arrangement  consisted  of  two 
dense  flint-glass  prisms;  and  the  spectrum  was  viewed  through  a 
small  achromatic  telescope  with  a  magnifying  power  of  betw  een  5  and 
6  diameters.  Angular  measures  of  the  different  parts  of  the  spec- 
trum were  obtained  by  means  of  a  niicrometric  screw,  by  which  the 
position  of  the  small  telescope  was  regulated.  A  reflecting  prism 
was  placed  over  one  half  of  the  slit  of  the  spectroscope,  and  by 
means  of  a  mirror,  suitably  adjusted,  the  spectra  of  comparison  were 
viewed  simultaneously  with  the  stellar  spectra.  This  light  was  usually 
obtained  from  the  induction  spark  taken  between  electrodes  of  diffe- 
rent metals.  The  dispersive  power  of  the  apparatus  was  sufficient  to 
enable  the  observer  to  see  the  line  Ni  of  Kirchhoff  between  the  two 
solar  lines  D  ;  and  the  three  constituents  of  the  magnesium  group 
at  b  are  divided  still  more  evidently*.  Minute  details  of  the  methods 
adopted  for  testing  the  exact  coincidence  of  the  corresponding  metallic 

*  Each  unit  of  the  scale  adopted  was  about  equal  to  ygVoth  of  the  distance 
between  A  and  H  in  the  solar  spectrum.  The  measures  on  different  occasions  of 
the  same  line  rarely  differed  by  one  of  these  units,  and  were  often  identical. 
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lines  with  those  of  the  solar  and  lunar  spectrum,  are  given,  and  the 
authors  then  proceed  to  give  the  results  of  their  observations. 

Careful  examination  of  the  spectrum  of  the  light  obtained  from 
various  points  of  the  moon's  surface  failed,  to  show  any  lines  resem- 
bhng  those  due  to  the  earth's  atmosphere.  The  planets  Venus,  Mars, 
Jupiter,  and  Saturn  were  also  examined  for  atmospheric  lines,  but 
none  such  could  be  discovered,  though  the  characteristic  aspect  of  the 
solar  spectrum  was  recognized  in  each  case ;  and  several  of  the  prin- 
cipal lines  were  measured,  and  found  to  be  exactly  coincident  with 
the  solar  lines. 

Between  forty  and  fifty  of  the  fixed  stars  have  been  more  or  less 
completely  examined ;  and  tables  of  the  measures  of  about  90  lines 
in  Aldebaran,  nearly  80  in  a  Orionis,  and  15  in  /3  Pegasi  are  given, 
with  diagrams  of  the  lines  in  the  two  stars  first  named.  These  dia- 
grams include  the  results  of  the  comparison  of  the  spectra  of  various 
terrestrial  elements  with  those  of  the  star.  In  the  spectrum  of 
Aldebaran  coincidence  with  nine  of  the  elementary  bodies  were  ob- 
served, viz.  sodium,  magnesium,  hydrogen,  calcium.,  iron,  bismuth, 
tellurium,  antimony,  and  mercury ;  in  seven  other  cases  no  coinci- 
dence was  found  to  occur. 

In  the  spectrum  of  a  Orionis  five  cases  of  coincidence  were  found, 
viz.  sodium,  magnesium,  calcium,  iron,  and  bismuth,  whilst  in  the 
case  of  ten  other  metals  no  coincidence  with  the  lines  of  this  stellar 
spectrum  was  found. 

j8  Pegasi  furnished  a  spectrum  closely  resembling  that  of  a  Orionis 
in  appearance,  but  much  weaker :  only  a  few  of  the  lines  admitted 
of  accurate  measurement,  for  want  of  light ;  but  the  coincidence  of 
sodium  and  magnesium  was  ascertained ;  that  of  barium,  iron,  and 
manganese  was  doubtful.  Four  other  elements  were  found  not  to  be 
coincident.  In  particular,  it  was  noticed  that  the  lines  C  and  F, 
corresponding  to  hydrogen,  which  are  present  in  nearly  all  the  stars, 
are  wanting  in  a  Orionis  and  /J  Pegasi. 

The  investigation  of  the  stars  which  follow  is  less  complete,  and 
no  details  of  measurement  are  given,  though  several  points  of  much 
interest  have  been  ascertained. 

Sirins  gave  a  spectrum  containing  five  strong  lines,  and  numerous 
finer  lines.  The  occurrence  of  sodium,  magnesium,  hydrogen,  and 
probably  of  iron,  was  shown  by  coincidence  of  certain  lines  in  the 
spectra  of  these  metals  with  those  in  the  star.  In  a  Lyrce  the 
occurrence  of  sodium,  magnesium,  and  hydrogen  was  also  shown  by 
the  same  means.  In  Capella  sodium  was  shown,  and  about  twenty 
of  the  lines  in  the  star  were  measured.  In  Arcturus  the  authors 
have  measured  about  thirty  lines,  and  have  observed  the  coincidence 
of  the  sodiinn  line  with  a  double  line  in  the  star-spectrum.  In  Pol- 
lux they  obtaiiied  evidence  of  the  presence  of  sodium,  magnesium, 
and  probably  of  iron.  The  presence  of  sodium  was  also  indicated  in 
Procyon  and  a  Cygni. 

In  no  single  instance  have  the  authors  ever  observed  a  star-spec- 
trum in  which  lines  were  not  discernible,  if  the  light  were  sufficiently 
intense,  and  the  atmosphere  favourable.  Rigel,for  instance,  which  some 
authors  state  to  be  free  from  lines,  is  filled  with  a  multitude  of  fine  lines. 
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Photographs  of  the  spectra  of  Sirius  and  Capella  were  taken  upon 
collodion  ;  but  though  tolerably  sharp,  the  apparatus  employed  was 
not  sufficiently  perfect  to  afford  any  indication  of  lines  in  the  photo- 
graph. 

In  the  concluding  portion  of  their  paper,  the  authors  apply  the 
facts  observed  to  an  explanation  of  the  colours  of  the  stars.  They 
consider  that  the  difference  of  colour  is  to  be  sought  in  the  difference 
of  the  constitution  of  the  investing  stellar  atmospheres,  which  act 
by  absorbing  particular  portions  of  the  light  emitted  by  the  incan- 
descent solid  or  liquid  photosphere,  the  light  of  which  in  each  case 
they  suppose  to  be  the  same  in  quality  originally,  as  it  seems  to  be 
independent  of  the  chemical  nature  of  its  constituents,  so  far  as  ob- 
servation of  the  various  solid  and  liquid  elementary  bodies,  when 
rendered  incandescent  by  terrestrial  means,  appears  to  indicate. 

June  16. — Major-General  Sabine,  President,  in  the  Chair. 

The  following  communications  were  read:  — 

"Aerial  Tides."     By  Pliny  Earle  Chase,  A.M.,  S.P.A.S. 

The  remarkable  coincidence  which  I  have  pointed  out*  between 
the  theoretical  effects  of  rotation  and  the  results  of  barometrical 
observations,  has  led  me  to  extend  my  researches  with  a  view  of 
defining  more  precisely  some  of  the  most  important  effects  of  lunar 
action  on  the  atmosphere.  The  popular  belief  in  the  influence  of  the 
moon  on  the  weather,  which  antedates  all  historical  records,  has 
received  at  various  times  a  certain  degree  of  philosophical  sanction. 
Herschel  and  others  have  attempted  partially  to  formulate  that  influ- 
ence by  empirical  laws,  but  the  actual  character  of  the  lunar  wave 
that  is  daily  rolled  over  our  heads,  appears  never  to  have  been  inves- 
tigated. 

Major-General  Sabine  has  shown  that  the  moon  produces  a  diurnal 
variation  of  the  barometer,  amounting  to  about  "006  of  an  inch  at 
St.  Helena,  which  is  nearly  equivalent  to  jL  of  the  average  daily  varia- 
tion (Phil.  Trans.  1847,  Art.  V.).  This  would  indicate  a  tidal  wave 
of  rather  more  than  1  ft.  for  each  mile  that  we  ascend  above  the 
earth's  surfjice,  or  from  3  to  6  ft.  near  the  summits  of  the  principal 
mountain-chains.  It  is  easy  to  believe  that  the  rolling  of  such  a  wave 
over  the  broken  surface  of  the  earth  may  exert  a  very  important 
influence  on  the  atmospheric  and  magnetic  currents,  the  deposition  of 
moisture,  and  other  meteorological  phenomena.  As  the  height  of  the 
wave  varies  with  the  changing  phases  of  the  moon-f,  its  effects  must 
likewise  vary  in  accordance  with  mathematical  laws,  the  proper  study 
of  which  must  evidently  form  an  important  branch  of  meteorological 
science. 

Besides  this  daily  wave,  there  appears  to  be  a  much  larger,  but 
hitherto  undetected,  weekly  wave.  M.  FlangerguesJ,  an  astronomer 
at  Viviers  in  France,  extended  his  researches  through  a  whole  lunar 
cycle,  from  Oct.  19,  1808  to  Oct.  18,  1827,  and  he  inferred  from  his 
observations — 

*  See  Proceedings  of  Amer.  Philos.  Soc.  vol.  ix.  p.  283. 

t  The  height  at  St.  Helena  appears  to  fluctuate  between  about  '9  and  1-6  ft.' 

X  Bib.  Univ.,  Dec.  1827. 
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1.  That  in  a  synodical  revolution  of  the  moon,  the  barometer  rises 
regularly  from  the  second  octant,  when  it  is  the  lowest,  to  the  second 
quadrature,  when  it  is  the  highest,  and  then  descends  to  the  second 
octant. 

2.  That  the  varying  declination  of  the  moon  modifies  her  influence, 
the  barometer  being  higher  in  the  northern  lunistice  than  in  the 
southern. 

The  more  recent  and  more  complete  observations  at  St.  Helena 
give  somewhat  different  results,  which  serve  to  confirm  the  natural  a 
priori  conviction  that  there  are  two  maxima  and  two  minima  in  each 
month.  The  means  of  three  years'  hourly  observations,  indicate  the 
existence  of  waves  which  produce  in  the  first  quarter  a  barometric 
effect  of  +'004  in.,  in  the  second  quarter  of  — -016  in.,  in  the  third 
quarter  of  +-018  in.,  and  in  the  fourth  quarter  of  — "006  in. — 
results  which  appear  to  be  jirecisely  accordant,  in  their  general 
features,  with  those  which  would  be  naturally  anticipated  from  the 
combination  of  the  cumulative  action  of  the  moon's  attraction,  with 
the  daily  wave  of  rotation,  and  the  resistance  of  the  aether. 

One  peculiarity  of  the  lunar-aorial  wave  deserves  attention,  for  the 
indirect  confirmation  that  it  lends  to  the  rotation  theory  of  the  aero- 
baric  tides,  and  the  evidence  it  furnishes  of  opposite  tidal  effects, 
which  require  consideration  in  all  investigations  of  this  character. 
When  the  daily  lunar  tides  are  highest,  their  pressure  is  greatest, 
the  lunar  influence  accumulating  the  air  directly  under  the  meridian, 
so  as  to  more  than  compensate  for  the  diminished  weight  consequent 
upon  its  "lift."  But  in  the  general  aerial  fluctuations,  as  we  have 
seen  heretofore,  and  also  in  the  weekly  tides  which  we  are  now  con- 
sidering, a  high  wave  is  shown  by  a  low  barometer,  and  vice  versa. 
The  daily  blending  of  heavy  and  light  waves  produces  oscillations 
which  are  indicated  by  the  alternate  rise  and  fall  of  the  barometer 
and  thermometer  at  intervals  of  two  or  three  days. 

M.  Flangergues's  observations  at  perigee  and  apogee  seem  to  show 
that  a  portion  of  the  movement  of  the  air  by  the  moon  is  a  true  lift, 
which,  like  the  lift  of  rotation,  must  probably  exert  an  influence 
on  the  barometer.  On  comparing  the  daily  averages  at  each  of  the 
quadratures  and  syzygies,  I  found  the  difference  of  temperature  too 
slight  to  warrant  any  satisfactory  inference,  but  a  similar  comparison 
of  the  hourly  averages,  at  hours  when  the  sun  is  below  the  horizon, 
gave  such  results  as  I  anticipated  ;  as  will  be  seen  by  a  reference  to 
the  following 

Table  of  Barometric  and  Thermometric  Means  at  the  Moon's  Changes. 


Moon's  Phase. 

Average 
Height  of 
Barometer, 
in  inches. 

Height  of 
Lunar 
Weekly 
Tides. 

Height  of 
Lunar 
Daily 
Tides. 

Daily 
Height  of 
Thermo- 
meter. 

Thermo- 
meter at 

12  P  M. 

Thermo- 
meter at 

4  A.M. 

Full 

28-270 

28-289 
28-282 
28-286 

in. 
-•0115 
+  •0065 
+  -0005 
+  -0044 

in. 

•0054 
•0087 
•0064 
•0047 

67-67 
61-68 
61-65 
61-63 

o 
All'OO 

o 

RO.TQT 

Third  Quarter 
New    

60-41        59-824 

First  Quarter 

60-37 

59-823 
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la  obtaining  the  above  averages,  I  was  obliged  to  interpolate  for 
such  changes  as  took  place  on  Sundays  or  holidays,  when  no  obser- 
vations were  taken.  The  interpolation,  however,  does  not  change  the 
general  result,  and  on  some  accounts  the  Table  is  more  satisfactory 
than  if  the  observations  had  been  made  with  special  reference  to  the 
determination  of  the  lunar  influences,  accompanied,  as  such  a  refer- 
ence would  very  likely  have  been,  by  a  bias  to  some  particidar  theory. 

The  thermometric  and  barometric  averages  show  a  general  corre- 
spondence in  the  times  of  the  monthly  maxima  and  minima, — the 
correspondence  being  most  marked  and  uniform  at  midnight,  when 
the  air  is  most  removed  from  the  direct  heat  of  the  sun,  and  we 
might  therefore  reasonably  expect  to  find  the  strongest  evidences  of 
the  relations  of  temperature  to  lunar  attraction. 

By  taking  the  diiference  between  the  successive  weekly  tides,  we 
readily  obtain  the  amount  of  barometric  effect  in  each  quarter.  The 
average  effect  is  more  than  three  times  as  great  in  the  third  and  fourth 
quarters  as  in  the  remaining  half-month, — a  fact  which  suggests  inte- 
resting inquiries  as  to  the  amount  of  influence  attributable  to  varying 
centrifugal  force,  solar  conjunction  or  opposition,  temperature,  &c. 

Although,  as  in  the  ocean  tides,  there  are  two  simultaneous  cor- 
responding waves  on  opposite  sides  of  the  earth,  those  waves  are  not  of 
equal  magnitude,  the  barometer  being  uniformly  higher  when  the 
moon  is  on  the  inferior  meridian,  and  its  attraction  is  therefore 
exerted  in  the  same  direction  as  the  earth's,  than  when  it  is  on  the 
superior  meridian,  and  the  two  attractions  are  mutually  opposed. 
Some  of  the  views  of  those  who  are  not  fully  satisfied  with  the  prevail- 
ing theory  of  the  ocean-tides,  derivea  partial  confirmation  fromthis  fact. 

I  find,  therefore,  marked  evidences  of  the  same  lunar  action  on 
the  atmospliere  as  on  the  ocean,  the  combination  of  its  attraction 
with  that  of  the  sun  producing  both  in  the  air  and  water,  spring 
tides  at  the  syzygies,  and  neap  tides  at  the  quadratures ;  and  I  believe 
that  the  most  important  normal  atmospheric  clianges  may  be  explained 
by  the  following  theory  : — 

The  attraction-  and  rotation-waves,  as  will  be  readily  seen,  have 
generally  opposite  values,  the  luni-solar  wave  being 

Descending,  from  0°  to  90°*  and  from  180°  to  2/0° 
Ascending,  from  90°  to  180°  and  from  2/0°  to  0°; 
while  the  rotation- wave  is 

Ascending,  from  330°  to  60°  and  from  150°  to  240°, 
Descending,  from  60°  to  150°  and  from  240°  to  330°. 

From  60°  to  90°  and  from  240°  to  2/0°,  both  waves  are  descend- 
ing, while  from  150°  to  180°  and  from  330°  to  360°  both  are 
ascending.  In  consequence  of  this  change  of  values,  besides  the 
principal  maxima  and  minima  at  the  syzygies  and  quadratures,  there 
should  be  secondary  maxima  and  minima f  at  about  60°  in  advance 
of  those  points. 

*  Counting  9  from  either  syzygy. 

t  The  secondary  maxima  and  minima  should  correspond  with  the  daily  max- 
ima and  minima,  which  occur  at  St.  Helena  at  about  4*^  and  lO"^  a.m.  and  p.m., 
giving  0  =  60°  a  maximum,  and  0=150°  a  minimum. 
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The  confirmation  of  these  theoretical  inferences  by  the  St.  Helena 
observations  appears  to  me  to  be  quite  as  remarkable  as  that  of  my 
primary  hypothesis.  If  we  arrange  those  observations  in  accordance 
with  the  moon's  position,  and  take  the  average  daily  height  of  the 
barometer,  we  obtain  the  following 

Table  of  the  Lunar  Barometric  Tides. 


Moon's 
Position. 

Mean  Daily  Height  of  the  Barometer  at  St.  Helena, 
28  inches  -|-  the  numbers  in  the  Table. 

1844. 

1845. 

1846. 

1844-6. 
Average. 

0 

15 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

•2621 
•2650 
•2707 
•2691 
•2625 
•2682 
•2667 
•2593 
•2595 
•2677 
•2712 
•2710 
•2621* 

•3020 
•3058 
•3153 
•3105 
•3077 
•3093 
•3184 
•3170 
•3124 
•3099 
•3118 
•3104 
■3020 

•2701 
•2693 
•2707 
•2688 
•2688 
•2783 
•2800 
•2721 
•2686 
•2691 
•2715 
•2735 
•2701 

•2781 
•2800 
•2856 
•2848 
•2797 
•2853 
•2884 
•2828 
•2802 
•2822 
•2848 
•2850 
•2781 

This  Table  shows — 

1.  That  the  average  of  the  three  years  corresponds  jpreme^y  with 
the  theory,  except  in  the  secondary  maximum,  which  is  one  day  late. 

2.  That  the  primary  maximum  occurred  at  the  quadratures  in 
1845  and  1846,  and  one  day  earlier  in  1844. 

3.  That  the  primary  minimum  occurred  at  the  syzygies  in  1844 
and  1845,  and  one  day  later  in  1846. 

4.  That  1846  was  a  disturbed  year  ;  and  if  it  were  omitted  from  the 
Table,  each  of  the  remaining  years,  as  well  as  the  average,  would 
exhibit  an  entire  correspondence  with  theory,  except  in  the  primary 
maximum  of  1844. 

5.  That  1845  was  a  normal  year,  the  primary  and  secondary 
maxima  and  minima  all  corresponding  with  theory,  both  in  position 
and  relative  value. 

"  On  the  Microscopical  Structure  of  Meteorites."  By  H.  C.  Sorby, 
F.R.S.,  &c. 

For  some  time  past  I  have  endeavoured  to  apply  to  the  study  of 
meteorites  the  principles  I  have  made  use  of  in  the  investigation  of 
terrestrial  rocks,  as  described  in  my  various  papers,  and  especially 
in  that  on  the  microscopical  structure  of  crystals  (Quart.  Journ. 
Geol.  Soc.  1858,  vol.  xiv,  p.  453).  I  therein  showed  that  the  pre- 
sence in  crystals  of  "fluid-,  glass-,  stone-,  or  gas-cavities"  enables  us 
to  determine  in  a  very  satisfactory  manner  under  what  conditions  the 
crystals  were  formed.  There  are  also  other  methods  of  inquiry  still 
requiring  much  investigation,  and  a  number  of  experiments  must 

*  Since  the  tabular  numbers  represent  the  semiaxes  of  the  barometric  curve, 
and  not  the  simple  ordinates,  the  values  for  0°  and  180°  are  the  same. 
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be  made  which  will  occupy  much  time ;  yet,  not  wishing  to  postpone 
the  pubhcation  of  certain  facts,  I  purpose  now  to  give  a  short  account 
of  them,  to  be  extended  and  completed  on  a  subsequent  occasion*. 

In  the  first  place  it  is  important  to  remark  that  the  olivine  of  me- 
teorites contains  most  excellent  "glass-cavities,"  similar  to  those  in 
the  olivine  of  lavas,  thus  proving  that  the  material  was  at  one  time 
in  a  state  of  igneous  fusion.  The  olivine  also  contains  "gas-cavities," 
like  those  so  common  in  volcanic  minerals,  thus  indicating  the  pre- 
sence of  some  gas  or  vapour  (xlussun,  Parnallee).  To  see  these 
cavities  distinctly,  a  carefully  prepared  thin  section  and  a  magnifying 
power  of  several  hundreds  are  required.  The  vitreous  substance 
found  in  the  cavities  is  also  met  with  outside  and  amongst  the  crys- 
stals,  in  such  a  manner  as  to  show  that  it  is  the  uucrystalline  residue 
of  the  material  in  which  they  were  formed  (Mezd-Madaras,  Par- 
nallee). It  is  of  a  claret  or  brownish  colour,  and  possesses  the  cha- 
racteristic structure  and  optical  properties  of  artificial  glasses.  Some 
isolated  portions  of  meteorites  have  also  a  structure  very  similar  to 
that  of  stony  lavas,  where  the  shape  and  mutual  relations  of  the 
crystals  to  each  other  prove  that  they  were  formed  in  situ,  on  solidi- 
fication. Possibly  some  entire  meteorites  should  be  considered  to 
possess  this  peculiarity  (Stannern,  New  Concord),  but  the  evidence 
is  by  no  means  conclusive,  and  what  crvstallization  has  taken  place 
in  side  may  have  been  a  secondary  result ;  whilst  in  others  the  con- 
stituent particles  have  all  thecharacters  of  broken  fragments  (L'Aigle). 
This  sometimes  gives  rise  to  a  structure  remarkably  like  that  of  con- 
solidated volcanic  ashes,  so  much,  indeed,  that  I  have  specimens 
which,  at  first  sight,  might  readily  be  mistaken  for  sections  of  meteor- 
ites. It  would  therefore  appear  that,  after  the  material  of  the  me- 
teorites was  melted,  a  considerable  portion  was  broken  up  into  small 
fragments,  subsequently  collected  together,  and  more  or  less  consoli- 
dated by  mechanical  and  chemical  actions,  amongst  which  must  be 
classed  a  segregation  of  iron,  either  in  the  metallic  state  or  in  com- 
bination with  other  substances.  Apparently  this  breaking  up  oc- 
curred in  some  cases  when  the  melted  matter  had  become  crystal- 
line, but  in  others  the  forms  of  the  particles  lead  me  to  conclude 
that  it  was  broken  up  into  detached  globules  whilst  still  melted 
(Mezo-Madaras,  Parnallee).  This  seems  to  have  been  the  origin  of 
some  of  the  round  grains  met  with  in  meteorites  ;  for  they  occasion- 
ally still  contain  a  considerable  amount  of  glass,  and  the  crystals 
which  have  been  formed  in  it  are  arranged  in  groups,  radiating  from 
one  or  more  points  on  the  external  surface,  in  such  a  manner  as  to 
indicate  that  they  were  developed  after  the  fragments  had  acquired 
their  present  spheroidal  shape  (Aussun,  &c.).  In  this  they  differ 
most  characteristically  from  the  general  type  of  concretionary  globules 
found  in  terrestrial  rocks,  in  w  hich  they  radiate  from  the  centre ; 
the  only  case  that  I  know  at  all  analogous  being  that  of  certain 
oolitic  grains  in  the  Kelloways  rock  at  Scarborough,  which  have 
undergone  a  secondary  crystallization.  These  facts  are  all  quite 
independent  ot  the  fused  black  crust. 

*  The  names  given  thus  (Stannern)  indicate  what  meteorites  I  more  particu- 
larly refer  to  in  proof  of  the  various  facts  previously  stated. 
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Some  of  the  minerals  in  meteorites,  usually  considered  to  be  the 
same  as  those  in  volcanic  rocks,  have  yet  very  characteristic  differ- 
ences in  structure  (Stannern),  which  I  shall  describe  at  greater  length 
on  a  future  occasion.  I  will  then  also  give  a  full  account  of  the  mi- 
croscopical structure  of  meteoric  iron  as  compared  with  that  produced 
by  various  artificial  processes,  showing  that  under  certain  conditions 
the  latter  may  be  obtained  so  as  to  resemble  very  closely  some  varie- 
ties of  meteoric  origin  (Newstead,  &c.). 

There  are  thus  certain  peculiarities  in  physical  structure  which 
connect  meteorites  with  volcanic  rocks,  and  at  the  same  time  others 
in  which  they  differ  most  characteristically, — facts  which  I  think 
must  be  borne  in  mind,  not  only  in  forming  a  conclusion  as  to  the 
origin  of  meteorites,  but  also  in  attempting  to  explain  volcanic  action 
in  general.  The  discussion  of  such  questions,  however,  should,  I 
think,  be^deferred  until  a  more  complete  account  can  be  given  of  all 
the  data  on  which  these  conclusions  are  founded. 
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[Continued  from  p.  75.J 
May  11.  1864. — W.  J.  Hamilton,  Esq.,  President,  in  the  Chair. 
The  following  communications  were  read  : — 

1.  "  On  a  Section  with  Mammalian  Remains  near  Thame."  By 
T.  Codrington,  Esq.,  F.G.S. 

A  railway-cutting  through  a  hill  between  Oxford  and  Thame 
having  exposed  a  section  of  certain  gravel-beds,  from  which  many 
Mammalian  remains  were  collected,  the  author  now  gave  a  short 
description  of  the  section  and  a  list  of  the  bones  he  had  obtained 
from  it.  The  hill  is  nearly  surrounded  by  the  Thame  and  two  small 
tributaries,  and  consists  of  Kimmeridge  clay  capped  by  a  bed  of 
coarse  gravel  overlain  by  sandy  clay.  The  gravel  consists  of 
chalk-flints,  pebbles  derived  from  the  Lower  Greensand,  and  frag- 
ments of  mica-schist,  &c.,  indicating  a  northern-drift  origin  ;  it  con- 
tained many  bones  of  Elephant,  Rhinoceros,  fforse.  Ox,  and  Deer, 
and  a  single  phalanx  of  a  small  carnivore,  but  no  flint  implements 
were  discovered. 

2.  "  On  a  Deposit  at  Stroud  containing  Flint  Implements,  Land 
and  Freshwater  Shells,  &c."     By  E.  Witchell,  Esq.,  F.G.S. 

In  the  construction  of  a  reservoir  near  the  summit  of  the  hill 
above  the  town  of  Stroud,  the  author  observed,  about  two  feet  from 
the  surface,  a  deposit  of  tufa  containing  Land- shells,  with  a  few 
freshwater  Bivalves ;  in  it  he  subsequently  discovered  several  flint- 
flakes  of  a  primitive  type,  and  in  the  overlying  earth  a  few  pieces  of 
rude  pottery. 

3.  "  On  the  White  Limestone  of  Jamaica,  and  its  associated  in- 
trusive rocks."  By  A.  Lennox,  Esq.,  F.G.S.,  late  of  the  Geolo- 
gical Survey  of  Jamaica. 

The  White  Limestone  of  Jamaica  was  described  as  including  a 
basement  series  of  sandstones  and  shales,  a  hard  white  limestone,  a 
yellowish  limestone,  and  an  uppermost  member  consisting  of  dark- 
red  marl ;  it  was  estimated  to  be  at  least  2500  feet  thick ;  and  the 
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author  stated  that,  at  the  junction'  of  the  calcareous  rock  with  the 
granite,  the  former  was  often  more  or  less  altered  ;  and  this  appeared 
to  be  the  best  proof  of  the  Tertiary  age  of  the  latter. 

Mr.  Lennox  then  adverted  to  a  diagram-section  of  the  rock- 
formations  of  Jamaica  by  the  late  Mr.  Barrett  (Quart.  Journ.  Geol. 
Soc.  vol.  xix.  p.  515),  which  he  considered  erroneous  on  the  follow- 
ing grounds: — (1)  he  knows  no  section  in  Jamaica  in  which  the 
relation  of  the  White  Limestone  to  the  Hippurite-limestone  is  seen  ; 

(2)  the  White  Limestone  he  believes  to  be  of  Miocene  age ;  and 

(3)  the  shaly  and  sandy  beds  represented  in  the  section  as  overlying 
the  White  Limestone  he  considers  to  be  undoubtedly  in  infra- 
position. 

The  author  then  discussed  the  question  of  the  age  of  the  White 
Limestone,  first  on  physical  grounds,  and  afterwards  palaeontolo- 
gically,  inferring  that  it  was  decidedly  of  Miocene  date  ;  and  in 
conclusion  he  remarked  that  the  White  Limestone  had  probably 
been  deposited  slowly  in  a  tranquil  sea,  and  discussed  its  relation  to 
the  Tertiary  beds  of  the  other  West  Indian  Islands. 

4.  "  F'acts  and  Observations  connected  with  the  Earthquake  which 
occurred  in  England  on  the  morning  of  the  6th  of  October,  1863." 
By  Fort-Major  T.  Austin,  F.G.S. 

Earthquakes  in  the  British  Isles  attract  usually  but  little  notice, 
owing  probably  to  the  mild  form  in  which  they  generally  occur  ;  but 
the  one  treated  of  in  this  paper,  owing  to  its  greater  violence, 
aroused  attention  to  the  subject.  The  disturbance  was  said  to  ex- 
tend from  a  point  in  St.  George's  Channel  forty  or  fifty  miles  to 
the  north-west  of  Pembrokeshire  to  Yorkshire,  and  the  focus  of  the 
disturbance  to  be  situated  near  the  former  spot.  The  author 
brought  forward  a  number  of  facts  for  the  purpose  of  proving  the 
intensity  of  the  shock,  the  time  at  which  it  occurred,  the  number  of 
vibrations,  their  direction  (which  was  considered  to  be  from  W.N. W. 
to  E.S.E.),  and  the  occurrence  of  incidental  phenomena,  and  con- 
cluded by  passing  in  review  the  natural  causes  competent  to  produce 
these  and  other  characteristics  of  earthquakes. 


XIX.  Intelligence  and  Miscellaneous  Articles. 
apjohn's  'manual  of  the  metalloids.' 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

HAVING  been  many  years  since  an  occasional,  though,  I  fear,  a 
not  very  valuable  contributor  to  the  pages  of  the  Philosophical 
Magazine,  or  rather  of  its  predecessor,  the  Annals  of  Philosophy,  I 
trust  you  will  permit  me  to  make  a  few  remarks  on  the  review  of  my 
volume  on  the  Metalloids  which  has  appeared  in  the  last  Number  of 
your  Journal.  In  these  remarks  you  will,  I  hope  not,  find  anything 
uncandid,  or  exceeding  the  just  limits  of  scientific  discussion.  I  am 
quite  aware  how  unreasonable  it  would  be  to  occupy  your  pages 
with  a  lengthened  paper  on  questions  chiefly  relating  to  myself,  and 
shall  therefore  make  my  notice  of  the  review  as  brief  as  possible. 
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In  page  68  of  my  book,  with  a  view  to  a  brief  explanation  for  the 
Tyro  in  chemistry  of  what  is  meant  by  a  binatomic  body,  a  brief 
statement  is  made  which  is  certainly  not  correct.  In  point  of  fact 
the  reaction  described  between  Dutch  liquor  and  water  has  not  been 
observed  ;  but,  assuming  it  to  take  place,  we  have  a  simple  expla- 
nation of  what  is  meant  by  a  triatomic  organic  radical ;  and  what 
was  in  my  mind  when  writing  this  passage  was,  to  speak  hypotheti- 
cally  of  the  reaction,  though  this  I  find  has  not  been  done.  I  can 
assure  the  reviewer  that  I  was  not  ignorant  ."  the  series  of  processes 
by  which  biniodide  of  ethylene  is  convertible  into  glycol,  and  the 
latter  into  the  biniodide  of  ethylene  ;  but  the  description  of  these 
would  have  been  quite  unintelligible  to  the  junior  student,  and,  at 
the  same  time,  altogether  unsuited  to  my  introductory  chapter. 

In  pages  SSl'and  562  I  give  an  explanation  of  Liebig's  well-known 
method  for  the  estimation  of  hydrocyanic  acid,  in  relation  to  which 
the  reviewer  has  the  following  passage  : — "  It  is  difficult  to  suppose 
that  the  writer  of  this  passage  has  ever  performed  the  operation  he 
professes  to  describe,  otherwise  he  could  hardly  have  failed  to  notice 
that  in  reality  it  is  the  white  cyanide  of  silver,  and  not  the  brown- 
grey  oxide  which  appears  as  a  permanent  precipitate."  In  reply  to 
this  commentary,  I  beg  to  state  that  the  inference  suggested  would 
be  quite  erroneous.  The  experiment  in  question  is  one  which,  as  a 
teacher  of  chemistry,  1  am  obliged  repeatedly  to  perform  ;  and  I  may 
add  that,  in  doing  so,  I  have  not  failed  to  observe  the  white  precipi- 
tate of  which  he  makes  mention.  7'his,  however,  or  rather  the  por- 
tion of  it  which  first  falls,  is  not  cyanide,  as  alleged  in  the  review,  but 
chloride  of  silver,  arising  from  the  alkaline  chlorides  invariably  pre- 
sent in  the  ordinary  solutions  of  soda  and  potash.  If  the  solution 
of  caustic  potash  was  absolutely  pure,  it  appeared  to  me  a  probable 
conclusion  that  the  precipitate  would  be  oxide  of  silver,  and  hence 
it  has  been  described  as  such  ;  but  I  am  now  by  actual  experiment 
aware  that  this  is  not  the  case,  and  that,  after  the  whole  of  the 
hydrocyanic  acid  has  been  converted  into  the  soluble  double  cyanide, 
it  may  be  thrown  down  as  insoluble  cyanide  of  silver  by  adding  just 
as  many  measures  (chloride  being  supposed  absent)  of  the  volume- 
tric solution  of  nitrate  of  silver  as  have  been  already  employed. 
The  ignorance  on  this  latter  point,  which  I  freely  avow,  the  reviewer 
no  doubt  considers  as  quite  unpardonable ;  but  I  am  not  without 
hope  that  the  candid  critic  will  feel  himself  at  liberty  to  pronounce 
a  more  lenient  judgment,  the  more  especially  as  a  knowledge  of 
the  nature  of  the  permanent  precipitate  which  appears  in  this  volu- 
metric process  is  not  necessary  with  a  view  to  the  accuracy  of  the 
experiment.  Chemical  reactions  cannot  be  always  predicted  with 
certainty :  and  the  charge  against  me  simply  amounts  to  this,  that, 
not  having  made  the  trial,  I  did  not  know  that  the  cyanide  of  potas- 
sium of  the  double  cyanide  would  be  precipitated  by  nitrate  of  silver. 

The  next  charge  preferred  against  me  is  one  of  rather  a  paradoxical 
nature,  being  actually  that  I  have  stated  the  compounds  of  nitrogen 
with  hydrogen  to  be  three  in  number,  viz.  amidogen,  ammonia,  and 
ammonium, — of  which  he  says  that  "  a  more  misleading  statement 
could  not  easily  be  put  before  the  student."     As  a  further  illustra- 
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tion  of  my  trangressions  in  this  direction,  the  offence  is  imputed  to 
me  of  enumerating  seven  oxides  of  sulphur,  and  six  of  carbon.  On 
these  points  I  decline  to  enter  upon  any  defence,  further  than  to  say 
that,  in  the  best  works  on  chemistry  recently  published,  precisely  the 
same  enumeration  of  these  compounds  has  been  made.  If  I  have 
sinned  against  scientific  accuracy,  of  which  I  must  say  I  am  quite 
unconscious,  precisely  the  same  offence  has  been  committed  by 
modern  chemists  of  great  eminence,  such  as  Pelouze  and  Fremy, 
Regnault,  Miller,  and  several  others ;  and  I  am  at  a  loss  to  under- 
stand why  so  humble  an  individual  as  myself  should  be  singled  out 
for  especial  censure,  while  my  distinguished  contemporaries  are  per- 
mitted to  pass  unscathed.  Many  of  the  atomic  groups  here  referred 
to  have  certainly  not  as  yet  been  insulated,  and  are  therefore  to  a 
certain  extent  hypothetic ;  but  this  does  not  appear  to  me  to  consti- 
tute any  sufficient  reason  why  their  constitution  and  properties,  as 
far  as  these  can  be  deduced  from  the  known  compounds  in  which  they 
occur,  should  not  be  considered  and  discussed. 

Of  a  somewhat  similar  character  are  the  remarks  upon  my  mode 
of  dealing  M'ith  the  compounds  of  carbon  and  hydrogen.  In  page 
502  I  state  that  these  numerous  bodies  form  properly  a  part  of 
organic  chemistry,  but  that  there  are  a  few  of  them,  in  particular 
C^  H,  and  C,^  H,,  to  which  the  student-should  pay  an  early  attention. 
Notwithstanding  this  distinct  announcement  of  the  plan  which  I  in- 
tended to  pursue,  and  the  fact  that  in  all  almost  all  treatises  on 
chemistry  olefiant  gas  and  marsh-gas  alone  are  discussed  in  con- 
nexion with  carbon,  the  reviewer  does  not  hesitate  to  use  the  follow- 
ing language : — "  From  these  instances  it  will  be  seen  that  Dr. 
Apjohn's  lists  of  known  compounds  include  many  substances  with 
■which  other  chemists  are  by  no  means  well  acquainted  :  hence  it  is 
natural  he  should  require  to  make  room  for  them  by  ignoring  sub- 
stances which  often  receive  a  considerable  share  of  attention.  Thus 
(page  502)  the  usual  list  of  hydrocarbons  is  much  curtailed."  Of 
the  tone  of  this  extract,  and  there  are  several  other  passages  in  the 
review  on  a  level  with  it,  I  do  not  complain.  Some  persons  think 
that  in  every  kind  of  controversy  a  sarcasm  or  a  sneer  constitutes 
the  most  effective  weapon,  and  therefore  naturaUy  resort  to  them. 
I  would  suggest,  however,  that  there  is  no  sufficient  excuse  for  the 
misstatement  or  distortion  of  facts  exemplified  in  the  passage  which 
I  have  just  quoted. 

In  the  remainder  of  the  review  there  is  a  good  deal  of  criticism  of 
a  hostile  nature,  upon  the  details  of  which  it  is  not  my  intention  to 
enter.  I  am  quite  prepared  to  admit  that  in  my  book  there  are  some 
omissions,  and  that  in  particular  the  interesting  compounds  of  silicon 
with  hydrogen  and  with  oxygen,  discovered  by  Wohler  and  BufF, 
have  not  been  noticed.  This  was  not  an  intentional  omission  ;  for 
the  manuscript  was  prepared,  but,  through  some  accident,  not  for- 
warded to  the  printer.  There  are  also  other  errors  which  I  have  no 
disposition  to  deny  or  justify.  It  is,  for  example,  quite  true  that 
the  rival  claims  of  Watt  and  Cavendish  had  reference,  not  to  the 
discovery  of  hydrogen,  but  to  a  kindred  question — the  discovery  of 
the  composition  of  water ;  and  that  the  combustion  of  the  diamond 
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by  Lavoisier  and  Morveau  was  effected,  not  seventy,  but  about  eighty 
years  after  the  analogous  experiment  of  the  Florentine  academicians. 
I  am  also  quite  aware  that  the  spelling  of  the  names  of  foreign  che- 
mists is  sometimes  erroneous,  and  that  in  a  few  instances,  as  a  con- 
sequence of  the  omission  of  certain  words,  the  composition  has  been 
rendered  faulty.  These  errors,  however,  are,  I  believe,  of  small  con- 
sequence ;  nor  is  their  number  unusually  great,  considering  that  the 
volume  extends  to  about  500  pages,  and  that,  from  much  preoccu- 
pation of  time  by  other  duties,  I  was  unfortunately  unable  to  pay 
sufficient  attention  to  the  correcting  of  the  press.  Such  as  they  are, 
they,  or  at  least  the  majoritj'^  of  them  (some  will  no  doubt  escape 
detection),  have  been  carefully  noted  by  myself  and  others  (I  have 
had,  for  example,  for  a  considerable  time  on  my  list  oi  errata  all  those, 
with  a  single  exception,  animadverted  on  by  the  reviewer,  to  which  I 
attach  any  importance)  ;  and  from  the  next  edition,  which  will,  I 
presume,  shortly  appear,  as  the  book  is  very  nearly  out  of  print, 
they  will  of  course  be  excluded. 

Though  very  unwilling  to  add  to  the  length  of  this  communica- 
tion, I  must  not  omit  adverting  briefly  to  the  criticism  which  has 
been  passed  on  the  few  remarks  made  by  me  in  page  124  on  the 
origin  of  the  heat  and  light  attendant  on  combustion.  These  remarks 
are  pronounced  by  the  reviewer  to  contain  not  only  "  a  totally  inade- 
quate and  therefore  erroneous  statement"  of  Lavoisier's  views,  but 
to  imply  "  what  is  directly  contrary  to  facts  well  known  to  all  who 
have  paid  any  attention  to  the  history  of  chemistry — namely,  that  the 
phlogistic  theory  held  its  ground  long  after  it  had  been  discovered 
that  combustible  bodies  increase  in  weight  when  burned,  and  that 
this  observation  first  came  to  be  regarded  as  an  objection  to  the 
theory  when  it  was  shown  by  Lavoisier  to  be  connected  with  the  disap- 
pearance of  part  of  the  atmosphere  in  which  combustion  takes  place." 

In  reply  to  this,  I  beg  to  say  that  the  experiments  of  Ray  and 
Mayow  constituted  in  my  mind  a  full  refutation  of  the  Stahlian 
theory  ;  for,  after  their  publication,  it  became  impossible  to  maintain 
it  except  upon  the  absurd  assumption  that  a  principle  existed  in 
inflammable  bodies  which  conferred  upon  them  levity  instead  of 
weight.  The  abandonment  indeed  of  a  prevalent  theory  is,  I  am 
aware,  a  slow  process  ;  and  it  is  quite  possible  that,  notwithstanding 
its  obvious  absurdity,  the  phlogistic  hypothesis  continued  to  be  em- 
ployed by  some  chemists  until  oxygen,  and  the  part  which  it  plays 
in  all  ordinary  cases  of  combustion,  were  discovered  by  Lavoisier. 
It  should,  however,  be  recollected  that  I  did  not  contemplate  any- 
thing like  a  complete  discussion  of  the  theories  of  combustion. 
This  is  a  topic  merely  glanced  at  incidentally  in  my  '  Manual ;'  and 
my  method  of  handling  it  may  possibly  be,  with  justice,  described 
as  "  inadequate."  I  deny  that  it  is  "  erroneous."  I  also  allege 
that  my  statement  of  Lavoisier's  views  is  substantially  accurate; 
but,  instead  of  bandying  contradictions  with  my  anonymous  adver- 
sary, I  would  solicit  the  attention  of  the  reader  to  the  following 
extract  from  vol.  i.  p.  184,  of  the  eighth  edition  of  Turner's 
'  Chemistry,'  brought  out  under  the  supervision  of  Liebig  and 
Gregory : — 

M2 
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"  To  account  for  the  production  of  heat  and  light  during  com- 
bustion, Lavoisier  had  recourse  to  Black's  theory  of  latent  heat. 
Heat  is  always  evolved  when  a  substance,  without  change  of  form, 
passes  from  a  rarer  into  a  denser  state,  and  also  when  a  gas  be- 
comes liquid  or  solid,  or  a  liquid  solidifies,  because  a  quantity  of  heat 
previously  combined  or  latent  within  it  is  then  set  free.  Now  this 
is  precisely  what  happens  in  many  instances  of  combustion.  Thus 
■water  is  formed  by  the  burning  of  hydrogen,  in  which  case  two 
gases  give  rise  to  a  liquid ;  and  in  forming  phosphoric  acid  with 
phosphorus,  or  in  oxidizing  metals,  oxygen  is  condensed  into  a  solid. 
When  the  product  of  the  combustion  is  gaseous,  as  in  the  burning 
of  charcoal,  the  evolution  of  heat  is  ascribed  to  the  circumstance 
that  the  oxidized  body  contains  a  smaller  quantity  of  combined  heat, 
or  has  a  smaller  specific  heat  than  the  substance  by  which  it  is 
produced.'" 

This  passage,  combined  with  that  which  immediately  succeeds  it, 
and  which  I  abstain  from  quoting  merely  because  of  its  length, 
enunciates  very  distinctly  the  views  which  1  have  ascribed  to  La- 
voisier in  relation  to  the  origin  of  heat  and  light  which  accompany 
combustion.  If  they  are  mistaken  views,  I  have,  at  all  events,  the 
consolation  of  having  fallen  into  error  in  good  company, 

I  may,  in  conclusion,  observe  that  1  fear  I  have  suffered  much  in 
the  estimation  of  the  reviewer  by  continuing  to  employ  the  dua- 
listic*  methods  of  explanation,  and  the  atomic  weights  long  in  use 
among  chemists,  instead  of  those  of  the  unitary  system,  of  which,  I 
make  no  doubt,  he  is  a  zealous  advocate.  In  my  introductory  chapter 
I  have  explained  ray  motives  for  adhering,  at  least  for  the  present, 
to  the  equivalents  and  the  language  of  Berzelius  and  Davy,  and  I 
regret  that  before  entering  on  the  details  of  the  work,  he  did  not,  as 
it  were,  lay  the  axe  to  the  root,  and  point  out  the  errors  I  may  have 
committed  in  such  fundamental  discussion.  If  convicted  of  any 
inaccuracies,  either  of  statement  or  inference,  in  relation  to  the 
system  of  the  illustrious  Gerhardt,  I  trust  I  have  given  sutEcient 
proof  that  I  would  be  prepared  to  admit  them,  and,  as  far  as  pos- 
sible, atone  for  them. 

James  Apjohn,  M.D.,  F.R.S.,  M.R.I.A., 
Professor  of  Chemistry  in  the  University  of  Dublin. 


Out  of  deference  to  Professor  Apjohn's  wishes,  we  have  adopted 
the  somewhat  unusual  course  of  publishing  his  reply  to  the  criticisms 
on  his  work  entitled  '  A  Manual  of  the  Metalloids,'  which  appeared 
in  the  last  Number  of  this  Journal.  Upon  this  reply,  the  reviewer 
claims  the  right  of  adding  the  few  following  remarks  : — 

Professor  Apjohn's  work  is  intended  for  the  use  of  junior  students 
in  chemistry,  and  comes  before  them,  not  only  with  the  prestige 
conferred  upon  it  by  the  distinguished  position  of  its  author,  but 
with  the  additional  advantage  of  being  published  as  one  of  a  series 

*  This  phrase  is  at  present  sometimes  used  as  one  of  reproach  by  gen- 
tlemen who  have  studied  chemistry  in  a  German  school,  and  who  are  quite 
satisfied  with  the  fictions  of  the  unitary  system. 
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of  educational  manuals  which,  as  we  have  already  stated,  enjoys  the 
recommendation  of  the  Committee  of  Council  on  Education.  On 
examining  the  book,  we  found  that  it  fell  very  far  short  of  what  an 
introductory  text-book  of  Chemistry  ought,  in  our  judgment,  to  be; 
and  we  felt  it  needful  to  express  our  opinion  of  it  all  the  more  em- 
phatically, since  we  thought  it  probable  that  the  circumstances  of  its 
publication  would  secure  for  it  a  considerable  circulation,  quite  in- 
dependently of  its  intrinsic  merits.  Dr.  Apjohn's  statement  that  the 
first  edition  is  already  nearly  out  of  print,  confirms  us  in  this  sup- 
position. We  did  not,  however,  condemn  the  work  in  vague  and 
general  terms.  We  stated  as  clearly  as  we  were  able  the  grounds  of 
our  objection  to  it,  quoting  literally  several  passages  in  support  of 
our  charges,  and  accompanying  the  quotations  with  precise  references 
to  the  pages  where  they  might  be  found  in  the  original.  But  not- 
withstanding all  our  care  and  our  anxiety  to  quote  fairly  and  cor- 
rectly. Professor  Apjohn  brings  against  us  the  charge  of  "  misstate- 
ment or  distortion  of  facts."  This  charge  is  made  with  reference 
to  what  is  said  (p.  61  of  the  review)  respecting  Dr.  Apjohn's  treat- 
ment of  the  compounds  of  carbon  and  hydrogen.  In  the  review  it  is 
stated  that  "  the  usual  list  of  hydrocarbons  is  very  much  curtailed" 
by  our  author  ;  and  this  passage  is  followed  by  a  quotation  from  the 
book  under  review,  which  we  conceive  fully  bears  out  our  assertion. 
Professor  Apjohn  now  states  that,  in  writing  that  passage,  he  had 
in  view  only  those  compounds  of  carbon  and  hydrogen  which  are 
usually  treated  of  among  inorganic  compounds.  In  answer  to  this, 
we  can  only  say  that,  whatever  the  author's  intention  may  have 
been,  nothing  of  this  kind  is  apparent  in  the  book  itself:  the  pas- 
sage we  have  quoted  is  the  opening  passage  of  the  section  devoted 
to  these  comjiounds,  and  is  immediately  preceded  by  the  heading 
CARBO-HYDROGENS  in  Small  Capitals.  The  following  is  the  whole 
of  the  first  paragraj)h  of  this  section,  and  we  leave  the  reader  to 
judge  whether  a  charge  of  "  misstatement  or  distortion  "  in  connexion 
with  it  is  most  applicable  to  Professor  Apjohn  or  to  ourselves  : — 

"  The  number  of  compounds  of  carbon  and  hydrogen  is  very 
great.  Those  at  present  known  are  reducible  to  three  groups : — 
Those  whose  general  formula  is  Cn  Hq,  those  represented  by  C^  Hq+i, 
and  those  by  C„  Hn+2,  n  being  always  an  even  number.  The  sub- 
ject of  these  hydrocarbons  belongs  properly  to  organic  chemistry, 
but  there  are  a  few  of  them  to  which  the  student  must  direct  an  early 
attention.  Those  which  will  be  considered  here  are  only  two  in 
number,  and  belong,  one  to  the  first,  the  other  to  the  third  group. 
The  former  is  called  olefiant,  the  latter  marsh-gas." 

Professor  Apjohn  also  takes  excejjtion  to  what  we  have  said  in 
reference  to  the  history  of  the  antiphlogistic  theory  of  combustion. 
In  reply,  we  have  only  to  state  that  we  were  concerned,  not  with 
what  he  regards  as  "  a  full  refutation  of  the  Stahlian  theory,"  but 
with  what  was  regarded  as  such  a  refutation  by  the  contemporaries 
of  Ray  and  Mayow  and  of  Lavoisier ;  and  that  we  objected  to  his 
statement  of  Lavoisier's  theory  of  combustion,  not  because  we  con- 
ceived that  he  has  wrongly  represented  Lavoisier's  views  with  re- 
spect to  the  production  of  light  and  heat,  but  because  it  seems  to 
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us  to  be  implied  in  the  passage  that  we  quoted  that  this  theory  ex- 
tended to  the  explanation  of  the  light  and  heat  of  combustion  only. 
We  do  not  think  it  needful  to  add  anything  in  defence  or  expla- 
nation of  our  other  criticisms,  since  Dr.  Apjohn  himself  admits  their 
justice  ;  but  with  regard  to  his  statement  that  he  had  detected 
several  of  the  faults  which  we  have  pointed  out,  and  that  they  will 
be  corrected  in  a  new  edition,  we  may  remind  him  that,  had  this 
statement  accompanied  the  copy  of  his  book  sent  for  review,  we 
should  probably  have  contented  ourselves  with  laying  it  before 
our  readers  and  recommending  any  who  intended  purchasing  the 
work  to  wait  for  the  second  edition.  And  since  we  now  understand 
that  a  new  edition  is  likely  soon  to  appear,  we  may  further  remind 
him  that  his  having  had  on  his  list  of  errata  all  the  errors,  "  with  a 
single  exception,"  pointed  out  in  our  review,  is  no  proof  of  the  com- 
pleteness of  his  revision,  for  we  made  no  attempt  to  enumerate  all 
the  faults  we  had  detected  :  our  quotations  were,  as  we  have  already 
said,  intended  merely  as  specimens  to  prove  that  our  criticisms  were 
not  made  without  good  reason  ;  and  in  case  of  need  we  are  quite  pre- 
pared to  produce  at  least  as  many  more  of  very  similar  quality. 


ON    THE    MEASUREMENT    OF    THE    CHEMICAL    BRIGHTNESS     OP 
VARIOUS     PORTIONS     OF     THE     SUN's     DISK.  BY     THOMAS 

WOODS,   M.D. 

Professor  Roscoe's  paper  "  On  the  Measurement  of  various  por- 
tions of  the  Sun's  Disk,"  read  to  the  Royal  Society,  an  abstract  of 
which  appears  in  the  May  Number  of  this  Magazine,  is  extremely 
interesting.  The  chemically  active  rays  decrease  in  intensity  from 
the  centre  to  the  circumference,  which  the  Professor  found  by  expo- 
sing a  prepared  paper  in  a  camera  to  the  action  of  the  sun's  picture, 
and  comparing  the  shade  of  tint  produced  thereby  at  the  centre  and 
at  the  circumference  with  a  certain  standard.  I  would,  however, 
suggest  the  plan  I  described  in  this  Magazine  in  July  1854.  It 
consists  in  exposing  the  prepared  paper  to  the  sun's  picture  in  the 
camera  for  a  period  so  shoi't  that  the  centre  or  most  active  rays  only 
have  time  to  act  on  it ;  then  for  the  next  impression  to  leave  the 
paper  exposed  for  a  somewhat  longer  time,  so  that  a  somev/hat  larger 
picture  is  obtained  ;  and  so  on  until  the  entire  picture  is  given.  For 
instance,  suppose  the  sun's  picture  is  divided  into  zones  by  concen- 
tric circles  thus,  and  suppose  the  centre  rays  could 
affect  the  prepared  paper  in  one  second,  the  second 
zone  in  two  seconds,  the  third  in  three  seconds,  and 
the  circumference  in  four ;  then  by  exposing  the 
paper  for  these  periods  of  time  a  corresponding 
amount  of  the  disk  would  be  obtained  ;  the  size  of 
the  impression  produced  would  be  in  proportion  to  the  time  of  expo- 
sure ;  and  the  intensity  of  the  rays  from  any  part  of  the  disk  would 
be  more  accurately  fixed  by  once  getting  the  time  required  for  their 
action,  and  more  permanently,  I  fancy,  than  by  the  use  of  the  stand- 
ard tints.     This  was  the  plan  I  adopted  in  1854  to  show  the  identity 
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of  the  sun's  action  on  a  photographic  surface  with  that  of  flame,  the 
centre  rays  of  the  latter  being  also  more  intense  in  chemical  action 
than  those  at  the  circumference. 
Parsonstown,  July  1864. 


ON  THE  COLOURING-MATTER  OF  EMERALDS. 
BY  MM.  WOHLER  AND  G.   ROSE, 

Vauquelin,  after  having  disfcovered  oxide  of  chrome  in  the  eme- 
rald, attributed  to  this  oxide  the  green  colour  of  the  stone.  In  1838 
M.  Lewy  published  very  interesting  researches  on  the  deposit,  the 
formation,  and  the  composition  of  the  emeralds  of  Muso  in  New- 
Granada.  His  conclusion  is  that  the  colour  is  due  to  an  organic 
substance,  the  existence  of  which  he  proved  by  very  accurate  expe- 
riments. Thus  he  says  that  the  green  colour  disappears  when  the 
emeralds  are  heated  to  redness.  As  we  were  unable  to  verify  this 
assertion  in  the  blowpipe  experiments  to  which  we  subjected  the 
emerald,  M.Rose  and  myself  exposed  a  piece  of  Muso  emerald,  weigh- 
ing 7  grammes  and  of  a  deep  green  colour,  for  an  hour  to  the  tem- 
perature of  melting  copper.  The  colour  did  not  disappear ;  the  spe- 
cimen simply  became  opake.  Yet  it  had  lost  1'62  per  cent,  of  its 
weight,  which  agrees  closely  with  the  numbers  given  by  M.  Lewy. 
On  analysis  the  above  specimen  gave  1'1S6  per  cent,  of  its  weight 
of  oxide  of  chrome.  M.  Lewy  thinks  that  such  a  small  quantity  of 
oxide  is  insufficient  to  communicate  so  pronounced  a  tint  to  eme- 
rald. 

To  settle  this  question,  we  melted  7  grammes  of  colourless  glass 
with  13  milligrammes  of  oxide  of  chrome.  We  thus  obtained  a  trans- 
parent homogeneous  glass  of  a  green  colour,  identical  M'ith  that  of 
the  emerald  analyzed.  Hence  it  seemed  proved  that  1 3  parts  of 
oxide  of  chrome  are  sufficient  to  communicate  a  very  deep  green 
colour  to  7000  parts  of  a  silicate,  and  we  do  not  hesitate  to  assume 
that  the  colour  of  emerald  is  due  to  oxide  of  chrome,  without,  how- 
ever, contesting  the  existence  of  an  organic  substance  in  this  mineral. 
— Comptes  Rendus,  June  27,  1864. 


RESEARCHES  ON  THE  RESPIRATION  OF  FLOWERS. 
BY  M.  CAHOURS. 

The  author  gives  the  following  summary  of  the  results  arrived  at 
in  the  course  of  his  researches  : — 

1 .  Every  flower  left  in  a  confined  space  of  normal  atmospheric  air 
consumes  oxygen  and  produces  carbonic  acid  in  variable  proportions, 
whether  the  flower  has  odour  or  not. 

2.  The  circumstances  in  which  this  takes  place  being  the  same, 
the  proportion  of  carbonic  acid  increases  as  the  temperature  rises. 

3.  That  generally  for  flowers  gathered  on  the  same  plant,  and 
■whose  weights  are  virtually  equal,  the  quantity  of  carbonic  acid  pro- 
duced is  somewhat  more  considerable  when  the  apparatus  in  which 
the  experiment  is  made  is  exposed  to  light,  than  when  placed  in 
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complete  darkness  ;  that  nevertheless  in  certain  cases  the  proportion 
is  virtually  the  same  under  the  two  conditions. 

4.  When  normal  air  is  replaced  by  pure  oxygen,  the  differences 
observed  become  much  more  marked. 

5.  That  the  flower  whose  development  is  commencing,  disengages 
a  little  more  carbonic  acid  than  that  which  has  attained  its  complete 
develoj)ment,  which  may  be  explained  by  a  more  powerful  vital  action. 

6.  Every  flower  left  in  an  inert  gas  disengages  small  quantities  of 
carbonic  acid.  • 

7.  We  see,  in  conclusion,  that,  of  the  various  elements  constituting 
the  flower,  the  pistil  and  the  stamina,  in  which  the  greatest  vitality 
resides,  are  those  which  consume  the  greatest  quantity  of  oxygen,  and 
produce  the  largest  proportion  of  carbonic  acid. — Comptes  Rendus, 
June  27,  1864. 


ON  THE  SPECTRAL  RAY  OF  THALLIUM.   BY  M.  J.  NICKLES. 

I  have  found  that  there  are  compounds  of  thallium  which  do  not 
possess  the  property  of  colouring  the  flame  green,  and  of  developing 
the  characteristic  spectral  ray  ;  these  are  compounds  with  sodium, 
and  especially  with  chloride  of  sodium.  By  its  flame  and  its  yellow 
rays  this  chloride  completely  hides  the  green  ray. 

Although  chloride  of  thallium  is  insoluble  in  cold  water,  it  is  not 
so  in  water  saturated  with  chloride  of  sodium.  Tims,  on  pouring  a 
solution  of  the  latter  into  acetate  of  thallium,  a  precipitate  of  chloride 
of  thallium  is  indeed  formed,  but  the  mother-liquors  retain  a  consi- 
derable quantity  of  the  latter  without  colouring  the  flame  green.  If, 
then,  among  the  rays  of  the  solar  spectrum  that  characteristic  of 
thallium  has  not  been  found,  nothing  proves  that  this  metal  does 
not  exist  in  the  sun ;  for  if  it  has  not  been  found,  sodium  has,  the 
paralyzing  action  of  which,  when  present  in  a  certain  proportion,  I 
announce  in  this  Note. 

This  incompatibility  between  the  ray  of  sodium  and  that  of  thal- 
lium ought  to  be  taken  into  account  in  toxicological  or  medico-legal 
researches  directed  upon  thallium  ;  for  when  it  is  present  in  animal 
tissues  or  liquids,  it  may  be  accompanied  by  sodium-compounds  in  suf- 
ficient quantitj^  to  annul  its  action  on  the  flame,  and  thus  lead  to 
the  supposition  that  this  poisonous  metal  is  absent. 

Thus,  also,  if  thallium  is  to  be  sought  in  mineral  waters  or  mother- 
liquors,  and  generally  in  saline  waters  containing  excess  of  chloride 
of  sodium,  it  must  first  be  disengaged  from  the  sodium  compounds, 
either  by  displacing  it  by  means  of  pure  zinc,  or  by  means  of  the 
battery,  or  by  precipitation  by  hydrosulphate  of  ammonia  or  iodide 
of  potassium. 

In  regard  to  the  latter,  I  have  assured  myself  that  liquids  containing 
chloride  or  bromide  of  thallium  in  solution  are  precipitated  by  iodide 
of  potassium,  which  gives  rise  to  an  iodide  of  thallium  of  a  beautiful 
yellow  colour,  insoluble  in  the  precipitating  iodide  but  fairly  so  in 
distilled  water. — Comptes  Rendus,  Jan.  11,  1864. 
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XX.   On  the  Spectra  of  Compounds  and  of  Simple  Substances. 

By  Alexander  Mitscherlich*. 

[With  Two  Plates.] 

IN  a  previous  paper  I  have  shown  that  compounds  of  the 
metals  have  other  spectra  than  the  metals  themselves. 
This  fact  appeared  to  me  of  great  importance,  because  by  the 
observation  of  the  spectra  a  new  method  is  found  of  recognizing 
the  internal  structure  of  the  hitherto  unknown  elements,  and  of 
chemical  compounds.  Hence  I  have  investigated  the  spectra  of 
all  the  metals  which  I  could  procure,  and  of  many  of  their  com- 
pounds, and  have  found  that  compounds  of  the  first  order,  in  so 
far  as  they  are  volatile  and  remain  undecomposed  when  ade- 
quately heated,  always  exhibit  spectra  which  completely  diflfer 
from  those  of  the  metals.  The  observations  which  I  have  re- 
cently made  in  this  respect  are  communicated  in  the  following 
research. 

In  the  spectra  of  the  compounds  of  the  metals,  to  which  I 
shall  subsequently  recur  in  detail,  a  regularity  is  most  observed 
in  the  arrangement  of  the  bright  and  obscure  parts ;  thus,  for 
example,  in  the  spectrum  of  chloride,  bromide,  and  iodide  of 
copper.     (See  the  delineations  of  the  spectra.) 

In  these  spectra,  lines  occur,  or  appear  under  special  circum- 
stances, which  do  not  seem  to  me  to  belong  to  the  spectra, 
because  they  contravene  their  regulai'ity ;  such  lines  occur,  for 
instance,  in  the  spectra  of  copper-  and  of  bismuth-compounds. 
It  was  obvious  to  suppose  that  these  lines  belonged  to  previously 
unknown  metals ;  for  the  spectra  produced  by  the  introduction 
of  compounds  of  oxide  of  copper  or  bismuth  into  the  flame,  and 

*  Translated  from  Poggendorff's  Annalen,  No.  3,  1864,  by  Dr.  E,  At- 
kinson. 
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those  which,  presupposing  a  deportment  analogous  to  the  alka- 
lies, must  belong  to  the  metals,  exhibit  a  regular  shading  by 
which  otherwise  only  the  spectra  of  the  compounds  are  charac- 
terized. But  the  number  of  these  supposed  new  metak  would 
soon  have  reached  that  of  those  at  present  known.  The  disco- 
very of  such  metals  appeared  easiest  in  bismuth  compounds. 
Two  lines  occurred — one  which  was  soon  ascertained  to  be  that 
of  the  already  known  thallium,  and  a  second  near  the  division 
77  of  the  scale.  By  precipitations,  sublimations,  reductions, 
and  oxidations  conducted  in  the  most  careful  manner,  I  could 
not  separate  from  bismuth  the  metal  belonging  to  the  line  77. 
Subsequent  investigations  showed  that,  according  to  the  manner 
in  which  the  spectrum  was  prepared,  this  line  in  the  spectra  of 
bismuth  compounds  occurred  or  disappeared ;  it  always  occurred 
when  deoxidizing  gases  came  in  contact  with  the  metal  at  a  high 
temperature,  and  disappeared  with  oxidizing  gases.  The  line 
in  question  can  be  obtained  quite  pure  when  'metallic  bismuth 
is  volatiHzed  in  hydrogen  and  the  latter  is  ignited.  From 
these  observations  it  follows  that  this  line  belongs  to  bismuth  as 
metal. 

I  have  investigated  most  bodies  and  compounds  in  which  a 
spectrum  might  be  supposed,  and  by  different  methods,  in  order 
to  avoid  the  chance  of  obtaining  mixed  or  erroneous  spectra  by 
foreign  intluences.  As  a  source  of  light,  I  used  flame  and  the 
electrical  discharge.  I  will  briefly  adduce  the  methods  which  I 
used  for  obtaining  the  spectra,  and  designate  them  by  numbers 
for  convenience  of  subsequent  reference. 

1.  A  method  which  I  have  described  in  the  memoir  men- 
tioned above.  From  a  tube  closed  at  the  top  and  provided  with 
a  very  small  aperture  at  its  lower  bent  end,  a  solution  continu- 
ously flows,  by  means  of  a  wick  of  very  fine  platinum  wire,  into 
a  flame  of  coal-gas,  or  of  hydrogen;  the  gas  emerges  from  a 
narrow  aperture.  The  liquid  in  question  brought  by  the  wick 
rapidly  evaporates  in  the  flame.  Carbon  does  not  separate  in 
the  coal-gas ;  it  is  prevented  from  doing  so  by  the  presence  of 
water,  by  which  hydrogen  and  carbonic  oxide  are  formed. 

2.  The  substances  are  brought  into  a  coal-gas  flame  which 
burns  in  oxygen.  An  oxyhydrogen  burner  is  used,  from  whose 
middle  aperture  coal-gas,  and  from  whose  external  ring  oxygen 
issues.  Either  by  regulating  the  oxygen  or  the  position  of  the 
substances,  they  can  be  introduced  into  a  reducing  or  oxidizing 
flame.  The  spectrum  of  carbon  which  would  here  be  formed 
disappears  almost  entirely,  in  consequence  of  the  formation  of 
carbonic  oxide,  which  again,  in  virtue  of  the  feeble  intensity  of 
its  light,  does  not  lessen  the  purity  of  the  phenomena  when  a 
substance  to  be  volatilized  is  brought  into  the  flame. 
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3.  The  same  arrangement  as  the  above  is  used,  but  with  chlo- 
rine instead  of  oxygen,  and  hydrogen  instead  of  coal-gas  in  the 
burner.  The  spectrum  which  might  be  formed  by  the  union  of 
these  bodies  is  too  feeble  to  be  observed;  only  a  very  feeble 
brightness  in  the  green  is  perceptible. 

4.  Bromine  or  iodine  is  evaporated  in  hydrogen,  and  this  is 
burnt  in  air  or  in  oxygen,  and  the  substances  volatilized  in  them. 

5.  If  the  substances  to  be  investigated  are  combustible  gases, 
they  are  allowed  to  emerge  out  of  the  middle  aperture  of  the 
oxyhydrogen  burner  instead  of  coal-gas,  and  can  thus  be  burned 
in  air  or  in  oxygen ;  if  they  are  not  combustible,  they  are  m-ixed 
with  a  combustible  gas  such  as  carbonic  oxide  or  hydrogen. 
The  light  produced  by  the  combustion  of  carbonic  oxide  and  of 
hydrogen  is  so  feeble  that  it  may  be  quite  disregarded  in  con- 
sidering the  formation  of  other  spectra  by  its  means. 

6.  The  solid  substances  are  introduced  into  a  tube,  one  end  of 
which  is  connected  with  a  Rose's  hydrogen-apparatus,  or  with  a 
gas-holder  filled  with  carbonic  oxide.  By  heating,  the  substance 
is  volatilized  in  the  gases,  and  kindled  at  the  other  end  of  the 
tube.  If  the  substances  are  volatile,  a  small  bulb  is  blown  in 
the  tube,  into  which  the  substance  is  brought. 

In  the  above  six  methods  the  light  is  produced  by  a  flame,  while 
in  the  two  following  the  substance  to  be  investigated  is  volati- 
lized by  the  discharge  of  a  small  Stohrer's  induction-apparatus. 

7.  In  a  vessel  closed  by  a  cork,  I  caused  the  electrical  spark 
to  pass  either  between  two  wires  of  the  metal  investigated,  or 
between  salts  fastened  on  the  ends  of  wires.  The  vessel  was 
provided  with  two  glass  tubes,  by  which  it  could  be  filled  with 
any  given  gas  and  closed,  or  by  which  a  current  of  gas  could  be 
passed  during  the  discharge. 

8.  In  order  to  be  able  to  use  liquids 
as  well  as  solids  for  electrodes,  two  tubes, 
bent  as  shown  in  the  annexed  figure, 
were  fixed  in  the  cork  of  the  vessel  and 
filled  with  liquid  till  this  reached  the 
lower  aperture.  Two  thin  platinum 
wires  in  connexion  with  the  induction- 
apparatus  were  brought  in  both  tubes 
to  near  the  aperture.  The  spark  then 
passes  from  liquid  to  liquid.  By  means 
of  tubes  fixed  in  the  vessel,  as  in  the 
other  method,  the  experiment  may  be 
made  in  difi'erent  gases.  It  is  observed 
that  if  the  spark  only  passes  from  liquid 
to  liquid,  the  gases  in  the  vessel  are  with- 
out action  upon  the  spectrum,  and  that 
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therefore  the  temperature  of  the  discharge  is  so  lowered  by  the 
liquid  electrodes  that  the  gases  are  not  ignited  sufficiently  to 
produce  luminous  phenomena.  The  latter  mode  of  experiment 
IS  important^  because  spectra  of  the  metals  and  of  their  com- 
pounds can  thus  be  produced  free  from  any  admixture  with 
spectra  of  the  gases. 

The  spectra  produced  by  the  methods  described  are  mostly 
depicted  in  Plates  1.  and  II. ;  the  luminous  parts  are  expressed 
in  as  accurate  shading  as  is  possible  by  printing-ink.  The 
lines  produced  by  method  8  (liquid  electrodes)  are  designated 
by  e  in  the  Plates.  As  regards  the  investigations  themselves  I 
remark  as  follows. 

The  spectra  of  the  compounds  of  copper  and  of  bismuth  can 
be  very  conveniently  obtained  pure.  Chloride,  bromide,  and 
iodide  of  copper,  and  salts  of  oxide  of  copper,  such  as  the  acetate 
and  nitrate,  were  investigated  by  method  6  (volatihzation  in  the 
glass  tube).  The  spectra  of  chloride,  bromide,  or  iodide  of  cop- 
per are  obtained  perfectly  pure  and  very  distinct  by  methods  3 
(CI  and  H)  and  4  (Br,  or  I,  and  H),  using  even  any  salts  of  cop- 
per. The  spectrum  of  fluoride  of  copper  is  best  obtained  by 
method  2  (H,  or  coal-gas,  and  0),  using  fluoride  of  copper  and 
fluoride  of  ammonium.  If  in  the  latter  method  but  little  oxygen 
is  admitted  to  the  burning  gases,  a  new  line  is  formed  in  the  same 
place  in  all  spectra  of  the  copper  compounds.  If  the  tempe- 
rature is  increased  by  copious  addition  of  oxygen,  the  spectra 
disappear  almost  entirely,  and  instead  of  it  the  above  line 
appears  very  bright  with  a  few  other  feebler  ones.  This  line 
might  perhaps  be  due  to  a  degree  of  oxidation  of  the  copper, 
were  it  not  that  it  is  formed,  as  I  shall  subsequently  state,  when 
oxygen  is  completely  excluded ;  hence  it  must  belong  to  copper 
as  metal. 

It  follows  therefrom  that  the  spectrum  which  is  only  obtained 
from  the  oxides  of  copper,  and  which  I  formerly  considered  to 
be  that  of  the  metal,  belongs  to  an  oxide  of  copper.  There 
occur,  therefore,  in  this,  as  in  other  copper  compounds,  at  high 
temperatures  the  lines  of  metallic,  copper.  Hence  at  a  very 
high  temperature  of  ignition  all  copper  compounds  are  decom- 
posed into  their  constituents,  whereas  these  compounds  remain 
undecomposed  at  a  lower  temperature — that,  for  example,  of  the 
hydrogen  flame. 

The  spectrum  of  metallic  copper  produced  by  electricity  con- 
tains, besides  the  lines  obtained  by  the  flames,  other  lines  of  dif- 
ferent luminous  intensity.  This  is  also  the  case  with  other 
metals,  with  the  sole  diff"erence  that  the  additional  lines  in  these 
are  of  less  luminosity.  I  cannot  decide  how  these  new  lines  are 
formed,  since  the  greater  intensity  of  the  light  of  the  electrical 
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spectrum  could  only  explain  the  occurrence  of  the  feebler  of 
them. 

The  compounds  investigated  by  method  8  (liquid  electrodes) 
were  more  or  less  decomposed  according  to  the  magnitude  of 
the  affinity  of  their  constituents  at  this  temperature, — which  is 
evident  from  the  spectra ;  the  spectrum  of  chloride  of  copper  is 
seen  very  distinctly,  while  the  spectra  of  bromide  and  of  iodide  of 
copper  are  more  difficult  to  recognize. 

Metallic  copper  investigated  by  method  7  (solid  electrodes),  in 
chlorine,  bromine,  iodine,  oxygen,  and  nitrogen,  and  in  other 
gases,  always  gives  the  spectrum  of  copper  very  distinctly,  and, 
further,  that  of  the  kind  of  gas,  and  in  chlorine  the  spectrum  of 
chloride  of  copper  very  feebly. 

Hence  the  temperature  produced  by  the  passage  of  the  spark 
between  solid  electrodes  is  much  higher  than  that  between 
liquids,  because,  in  the  first,  iodide  and  bromide  of  copper  remain 
partially  undecom posed,  which  in  the  latter  are  completely 
decomposed. 

New  lines  occur  in  these  spectra  which  neither  belong  to  the 
metal  nor  to  the  gas,  and  whose  formation  and  origin  I  have  not 
yet  investigated ;  for  the  lines  are  mostly  so  obscure  that  a  cer- 
tain result  could  not  be  deduced  from  them.  Sulphate  and 
nitrate  of  copper,  and  iodide,  bromide,  and  chloride  of  copper, 
examined  in  the  different  gases  as  solid  salts  by  method  7,  behave 
like  metallic  copper. 

Bismuth  in  the  formation  of  its  spectrum  exhibits  almost 
entirely  the  same  phenomena  as  copper,  excepting  that  the  com- 
pounds are  much  more  easily  decomposed,  when  the  spectrum  of 
the  metal  appears.  The  spectra  of  chloride,  bromide,  and  iodide 
of  bismuth  are  obtained  by  method  6  (volatilization  in  the  glass 
tube).  But  if  the  tube  is  strongly  heated,  the  compounds  are 
partially  decomposed,  even  at  this  temperature,  in  the  manner 
described.  The  spectrum  of  an  oxide  of  bismuth  readily  occurs 
along  with  that  of  the  haloid  salt  when  water  is  present  in  the 
latter  or  is  formed  in  appreciable  quantity. 

The  spectrum  of  the  metal  is  best  obtained  if  any  bismuth 
compound  or  the  metal  itself  is  brought  into  the  reducing  flame 
in  method  2  (hydrogen,  or  coal-gas,  and  0) ;  that  of  the  oxide, 
if  in  the  same  method  bismuth  is  held  in  the  strongly  oxidizing 
flame. 

In  whatever  way  the  spectrum  of  metallic  bismuth  is  obtained, 
whether  by  electricity  or  by  flame,  it  is  under  all  circumstances 
the  same. 

The  compounds  of  calcium,  of  strontium,  and  of  barium  give 
almost  as  many  spectra  as  do  those  of  copper  and  bismuth.  But 
to  obtain  them  pure  is  more  difficult  than  with  the  above  metals. 
The  spectra  of  barium  and  of  strontium  by  the  flame,  I  could 
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only  obtain,  free  from  those  of  their  compounds,  in  method 
2  (H,  or  coal-gas,  and  0),  by  using  a  very  small  quantity  of 
fluoride  of  barium  or  fluoride  of  strontium.  The  spectrum  of 
calcium  I  could  never  obtain  by  the  flame  quite  free  from  those 
of  the  oxide  or  of  the  haloid  salt.  By  method  7  (solid  electrodes) 
the  latter  is  obtained  free  from  admixtures  by  the  use  of  hydrogen 
and  metal ;  but  at  this  high  temperature  there  occur,  along  with 
the  lines  which  are  produced  in  the  flame,  a  great  number  of 
more  feebly  luminous  lines.  The  lines  which  could  only  be 
obtained  by  this  method  are  not  depicted  in  the  spectra  given. 

In  the  case  of  barium,  I  could  free  the  spectrum  of  the  oxide 
from  that  of  the  metal  in  the  same  way  as  with  bismuth ;  I  even 
succeeded,  when  I  investigated  nitrate  of  baryta  or  iodide  of 
barium  by  method  1  (wick  of  platinum  M'ire),  in  producing  the 
spectrum  of  baryta  in  individual  parts  of  the  flame.  In  order 
to  obtain  the  spectra  of  the  oxides  of  the  other  alkaline  metals, 
which  indeed  can  usually  only  be  obtained  simultaneously  with 
the  spectra  of  their  metals,  I  have  used  in  method  1  a  mixture 
of  nitrate  of  ammonia  with  the  nitrates  or  a  solution  of  the 
iodides;  the  latter  are  decomposed  at  high  temperatures,  and 
give  the  spectra  of  the  oxides  very  beautifully.  In  these  three 
metals  I  succeeded  in  obtaining  the  spectra  of  the  haloid  salts 
free  from  the  spectra  of  the  oxides,  and  but  seldom  mixed  with 
those  of  the  metals.  The  chlorine  compounds  have  been  investi- 
gated by  method  1  (wick  of  platinum  wire),  and  by  method  3 
(H  and  Cl).  It  is  to  be  obsei-ved  that  in  the  hydrochloric  flame 
itself  they  give  no  light  at  all,  not  even  if  the  compound  volati- 
lized by  the  hydrogen  burning  in  air  entei's  the  flame.  This  can 
only  be  explained  by  assuming  that  the  temperature  produced 
by  the  union  of  hydrogen  and  chlorine  is  not  high  enough  to 
bring  chlorine  compounds  to  luminosity.  The  spectra  of  these 
compounds  are  obtained  pure  if  there  is  more  hydrogen  than  is 
necessary  for  union  with  chlorine,  which  free  hydrogen  burning 
in  the  air  produces  a  higher  temperature. 

The  spectra  of  bromine  compounds  were  prepared  by  method 
4  (Brand  H),  using  the  bromides  in  solutions,  which  were  in- 
troduced into  the  flame  by  method  1, 

The  iodine  compounds  are  decomposed,  as  stated  ;  the  iodide- 
of-barium  spectrum  is  only  obtained  if  the  iodine  compound  is 
volatilized  in  a  hydrogen  flame  which  contains  much  iodine 
Vapour, — although  truly  it  is  then  not  free  from  that  of  the 
oxide,  so  that  the  feebler  lines  of  the  iodide-of-barium  spectrum 
cannot  be  recognized ;  but  the  lines  depicted  occur  with  all  their 
sharpness. 

Fluorine  compounds  were  investigated  by  method  2  (H,  or 
coal-gas,  and  0),  using  a  mixtUVe  of  the  oxide  with  fluoride  of 
ammonium  in  abundance. 
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It  is  not  possible  to  obtain  the  spectrum  of  the  sulphur  com- 
pounds of  these  metals,  which  is  also  the  case  with  those  of 
copper  and  bismuth,  as  all  sulphur  compounds  appear  to  be 
completely  nou-volatile.  I  made  the  experiment  by  bringing  the 
metallic  sulphide  into  hydrogen  saturated  with  sulphide  of  car- 
bon, or  into  sulphuretted  hydrogen,  which  burned  in  an  oxygen 
atmosphere  (method  5).  In  the  latter  experiment  no  spectrum 
was  seen;  in  the  former  frequently  a  spectrum  which  was  produced 
by  the  decomposition  of  the  sulphur  compounds.  Nor  did  I 
succeed  in  obtaining  the  spectra  of  cyanogen  compounds ;  if 
the  salts  of  the  above  metals  are  brought  into  burning  cyanogen, 
spectra  are  formed  as  in  ordinary  flame. 

As  regards  the  compounds  of  lead,  gold,  iron,  and  manganese, 
I  could  only  obtain  spectra  in  a  very  few  cases.  Chloride  of 
lead  by  method  6  (volatilization  in  the  glass  tube),  or  acetate  of 
lead  by  method  2  in  the  oxidizing  part  of  the  flame,  always  give 
the  spectrum  of  the  oxide.  By  chloride  of  lead  or  acetate  of 
lead,  heated  according  to  method  2  (H  and  0)  in  the  reducing 
part  of  the  flame,  the  spectrum  of  the  metal  could  never  be 
obtained  free  from  that  of  oxide  of  lead. 

By  method  8  (liquid  electrodes)  it  is  obtained  free  from  that 
of  the  oxides.  The  lines  which  are  seen  in  this  method  are  de- 
noted by  the  letter  e  in  the  spectra  given  ;  it  is  probable  that 
they  are  also  contained  in  the  spectrum  of  lead  which  is  obtained 
by  the  flame,  and  that  they  are  only  obscured  by  the  brightness 
of  the  oxide  spectrum.  By  method  3  (H  and  CI),  the  chloride- 
of-lead  spectrum  is  formed  even  with  the  most  varied  lead  com- 
pounds, but  somewhat  obscurely.  Iodide  of  lead,  bromide  of 
lead  and  fluoride  of  lead,  examined  by  method  6  (volatilization 
in  the  glass  tube),  gave  always  only  the  oxide-of-lead  spectrum, 
formed  by  the  burning  of  lead  to  oxide  of  lead  at  this  high 
temperature. 

Chloride  of  gold,  by  method  6  (volatilization  in  the  glass  tube), 
gives  the  spectrum  of  this  compound.  In  no  other  way  could  I 
obtain  a  spectrum  of  a  gold  compound,  neither  by  using  hypo- 
sulphite of  protoxide  of  gold  and  soda,  nor  potassio-iodide  of 
gold  or  potassio-cyanide  of  gold.  The  spectrum  of  gold  itself 
is  prepared  with  chloride  of  gold  by  method  8  (liquid  electrodes). 

Of  iron  I  could  only  obtain  the  spectrum  of  an  oxide  and  that 
of  the  metal.  The  former  is  produced  if  the  chloride  or  iodide 
are  used  by  method  6  (volatilization  in  the  glass  tube),  and  very 
distinctly  with  sesquichloride  of  iron.  By  method  2  (H,  or  coal- 
gas,  and  O),  according  as  the  volatile  iron  salt  is  brought  into  the 
reducing  or  oxidizing  flame,  this  spectrum  is  obtained  simul- 
taneously with  that  of  iron  or  without  it.  By  method  8  (liquid 
electrodes),  using  concentrated  solution  of  sesquichloride  of  iron, 
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the  spectrum  of  the  metal  is  obtained  almost  quite  free  from 
that  of  the  oxide ;  it  is  only  obtained  perfectly  so  by  method  7 
(solid  electrodes),  using  iron  and  iron  compounds. 

Chloride  of  manganese,  investigated  by  method  6  (volatilization 
in  the  glass  tube),  gives  the  spectrum  of  the  oxygen  compound 
pure ;  it  is  obtained  much  more  beautifully  simultaneously  with 
the  spectrum  of  the  metal  by  method  2  (H  and  0).  By  the 
beauty  of  its  colours  and  the  sharpness  of  its  lines,  this  spectrum 
is  about  the  most  beautiful  of  all.  By  this  method  I  could  only 
detect  one  line  which  belonged  to  the  metal,  probably  because 
the  bright  parts  of  the  spectrum  of  the  oxygen  compounds 
obscure  that  of  the  metal ;  investigated  by  method  8  (liquid 
electrodes),  the  manganese  compounds  give  moreover  a  few 
bright  and  several  feebly  luminous  lines,  of  which  the  bright 
are  depicted. 

The  spectrum  of  an  oxide  of  tin,  obtained  by  method  2  (H,  or 
coal-gas,  and  0),  using  oxide  of  tin,  and  that  of  an  oxygen  or 
chlorine  compound  of  chromium,  using  chloride  of  chromium,  by 
method  8,  I  have  not  drawn,  as  both  were  too  obscure.  The 
spectra  of  metallic  tin  and  chromium  were  prepared  by  method 
2  (H,  or  coal-gas,  and  0)  and  by  method  8  (liquid  electrodes). 


From  the  investigations  adduced,  it  follows,  as  I  have  already 
expressed  in  an  earlier  paper,  that  every  compound  of  the  first 
order  which  is  not  decomposed,  and  is  heated  to  a  temperature 
adequate  for  the  production  of  light,  exhibits  a  spectrum  peculiar 
to  this  compound,  and  independent  of  other  circumstances. 

The  decomposition  of  compounds  may  be  caused  by  the  gases 
of  flame,  or  even  by  the  high  temperature  alone,  independent  of 
the  gases  :  thus,  for  instance,  chloride  of  bismuth,  if  its  solution 
is  used  instead  of  the  electrodes  in  the  electrical  discharge  in 
chlorine,  is  decomposed  by  the  high  temperature  of  the  electrical 
discharge  alone.  Individual  compounds  resist  even  this  tem- 
perature— as,  for  instance,  bromide  of  copper  and  iodide  of  copper, 
and  others,  which  show  the  spectrum  of  the  metal  together 
with  that  of  the  compound.  But  if,  instead  of  the  solutions 
which  produce  a  diminution  of  temperature  by  their  rapid 
evaporation,  the  salts  themselves  are  used  as  solid  electrodes,  at 
the  then  higher  temperature  most  salts  are  decomposed  (as,  for 
instance,  these  copper  salts),  and  but  few  compounds  remain 
undecomposed. 

With  a  great  number  of  metals  such  a  decomposition  takes 
place  even  under  the  temperature  at  which  a  luminous  appearance 
is  observed ;  hence  in  this  case  it  has  as  yet  been  impossible  to 
observe  a  direct  spectrum  of  the  compounds ;  and  therefore  a 
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comparison  of  the  spectra  of  all  compounds  has  hitherto  been 
impossible. 

The  metals  whose  compounds  are  decomposed  at  such  a  low 
temperature,  and  hence  only  give  the  spectrum  of  the  metal 
itself,  are  potassium,  sodium,  lithium,  magnesium,  zinc,  cadmium, 
silver,  and  mercury.  Potassium,  sodium*,  lithium,  as  metal, 
cyanides  or  chlorides,  investigated  by  method  6  (volatilization 
in  the  glass  tube)  or  by  method  2  (H  and  0),  give,  especially 
in  the  spectra  produced  by  the  first  method,  several  lines  in  addi- 
tion to  those  depicted  by  other  observers. 

By  method  2  (H  and  0)  there  are  further  obtained  the  spectra 
of  magnesium,  zinc,  cadmium,  silver,  mercury — by  the  use  of 
chloride  of  magnesium  and  chloride  of  ammonium,  of  chloride 
of  zinc,  of  carbonate  of  cadmium,  of  cyanide  of  silver,  and  of 
cyanide  of  mercury.  By  the  use  of  other  mercury  compounds, 
such  as  chloride  and  sulphate  of  mercury,  no  lines  can  be 
obtained  by  this  method.  In  burning  magnesium,  the  same 
spectrum  is  obtained  as  in  the  methods  adduced. 

By  method  8  (liquid  electrodes)  these  spectra  can  also  be 
more  or  less  well  obtained  with  the  use  of  various  solutions. 
In  the  spectra  obtained  by  this  method  other  lines  occur,  which, 
however,  are  for  the  most  part  more  feebly  luminous  than  those 
formed  by  the  flame.  If  zinc  is  burned  in  iodine,  a  brightness 
only  is  observed  in  the  spectrum,  doubtless  produced  by  ignited 
particles  of  iodide  of  zinc. 

That  in  the  case  of  sodium  compounds  the  metal  actually 
gives  the  spectrum,  I  have  shown  in  the  paper  already  mentioned. 
I  have  found  the  same  when  I  obtained  this  spectrum  with 
the  use  of  the  metal  by  method  7  (solid  electrodes),  excluding 
oxygen.  That  the  spectrum  found  with  the  use  of  the  com- 
pounds of  magnesium,  zinc,  cadmium,  silver,  and  mercury  is  in 
each  case  the  spectrum  of  the  metal  itself,  I  proved  in  the 
same  manner  f- 

From  the  fact  that  in  sodium  compounds  the  metal  gives 
the  spectrum,  I  thought  myself  justified,  in  the  above  paper,  in 
expressing  the  opinion  that  in  the  oxygen  compounds  of  ba- 
rium, strontium,  and  calcium  the  spectrum  is  also  produced  by 
the  metal  itself.     This  opinion,  as  I  have  already  stated,  has  not 

*  Brightness  without  any  shading,  as  formed  in  the  sodium  and  potassium 
spectra,  and  which  I  could  only  ascribe  to  the  igmted  solid  particles  in 
the  flame,  I  have  omitted  in  the  spectra  depicted. 

t  The  objection  urged  against  me  in  an  English  paper  ('  The  Photo- 
graphic News')  after  the  publication  of  my  former  paper,  that  spectra 
produced  by  the  volatilization  of  carbonate  of  soda,  chloride  of  sodium,  &c. 
which  are  brought  into  heated  tubes  could  not  have  been  formed,  because 
the  temperature  is  too  low  for  the  volatihzation  of  these  salts,  does  not 
hold ;  for  I  have  myself  observed  the  vapours. 
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held  good,  inasmuch  as  each  of  the  spectra  is  composed  of  the 
spectrum  of  the  metal  and  that  of  the  oxide. 

In  the  same  paper,  by  the  experiment  in  which  when  chloride  of 
potassium  is  bi'ought  into  a  flame  with  much  chloride  of  ammo- 
nium no  spectrum  is  perceived,  I  have  shown  that  under  certain 
circumstances  metallic  compounds  of  the  first  order,  even  when 
volatile,  may  give  no  spectra.  This  is  confirmed  by  the  fact  that 
even  the  yellow  colour  of  the  sodium  flame  almost  disappeai's  if  a 
flame  containing  sodium  is  brought  over  strongly  volatilizing  sal- 
ammoniac, — and  further  by  the  fact  that  if  any  sodium,  lithium, 
or  potassium  compound  is  investigated  by  method  3  (H  and 
CI),  not  even  a  coloured  flame,  and  still  less  a  spectrum,  is 
formed.  The  result  is  similar  if  compounds  of  the  alkalies  are 
volatilized  in  burning  sulphui'etted  hydrogen ;  it  can  be  dis- 
tinctly observed  that  the  interior  core  retains  its  colour  per- 
fectly if  these  compounds  are  volatilized  in  it,  but  that  in  the 
outer  core,  where  the  sulphur  is  already  burned,  a  feeble  colour 
is  formed.  Under  certain  circumstances,  metals,  even  when 
volatilizing  in  the  flame,  may  show  no  spectrum — thus,  for  in- 
stance, in  the  case  of  any  of  the  compounds  of  mercury,  ex- 
cepting the  cyanide,  and  excepting  mercury  itself,  by  method  1 
(wick  of  platinum  wire),  2  (II,  or  coal-gas,  and  0),  or  by  method  6 
(volatilization  in  the  glass  tube).  If  the  mercury  compounds  are 
heated  higher,  for  instance  by  the  electrical  spark,  or  if  the  cy- 
anide is  investigated  by  method  2  (H,  or  coal-gas,  and  0),  the 
spectrum  is  observed  very  distinctly. 

Nickel,  cobalt,  and  aluminium,  investigated  in  the  most 
varied  compounds  by  method  2  (H  and  O)  and  method  6 
(evaporation  in  the  glass  tube),  gave  no  perceptible  spectrum; 
this  was  also  the  case  with  the  compounds  of  titanium,  tungsten, 
vanadium,  molybdenum,  uranium,  platinum,  and  palladium  in- 
vestigated by  method  6  (volatilization  in  the  glass  tube)  and  other 
methods.  When  aluminium  was  burned  in  bromine,  a  conti- 
nuous brightness  only  could  be  produced,  as  was  the  case  with 
the  combustion  of  zinc  in  iodine.  Arsenic  and  antimony,  exa- 
mined as  chlorides  by  method  3  (H  and  CI)  and  by  method  6 
(volatilization  in  the  glass  tube) ,  in  the  form  of  other  compounds 
and  as  metal,  showed  a  luminosity  without  brighter  or  darker 
lines  in  the  spectrum.  Only  by  method  7  (solid  electrodes) 
could  lines  be  found  in  the  methods  adduced,  which  I  thus 
investigated.  I  have  not  investigated  the  still  rarer  metals  and 
their  compounds. 

From  the  decompositions  which,  according  to  these  investiga- 
tions, take  place  in  the  flame,  it  would  follow  that  if,  for  instance, 
metallic  copper  is  heated  with  common  salt,  the  chlorine  which 
is  liberated  at  a  high  temperature  by  the  decomposition  of  the 
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salt  unites  with  copper  and  forms  a  chloride-of-copper  spectrum, 
since  chloride  of  copper  is  not  decomposed  at  this  temperature, 
— and  further,  that  if  oxide  of  copper  is  mixed  with  chloride  of 
sodium,  the  free  chlorine  wo.uld  also  partially  combine  with  cop- 
per, as  cupric  salts  investigated  by  method  3  (H  and  CI)  give 
the  chloride-of-copper  spectrum.  These  decompositions  do  in 
fact  take  place.  If,  for  instance,  chloride  of  sodium  is  fused 
upon  a  polished  copper  plate  at  a  high  temperature,  the  bright 
copper  is  attacked ;  and  if  it  is  more  strongly  heated,  chloride  of 
copper  is  readily  observed  in  the  flame  by  the  spectrum-apparatus. 

Chemical  processes  at  high  temperatures  may  be  studied  by 
means  of  the  spectra.  The  most  beautiful  method  is  by  the 
sunlight.  For  compounds  which  give  a  more  continuous  spec- 
trum, such  a  study  would  be  more  difficult,  but  very  easy  for 
the  haloid  compounds  of  barium,  strontium,  and  calcium.  I 
think  of  shortly  making  such  a  set  of  experiments. 

As  I  supposed  in  my  former  memoir,  we  may  by  these  decom- 
positions compare,  in  an  interesting  manner,  the  temperatures 
which  give  rise  to  developments  of  light  of  various  kinds — thus, 
for  instance,  the  temperature  of  electrical  discharges  with  the 
temperature  of  light  produced  by  combustion,  or  with  that  of 
the  solar  light.  It  follows  from  the  experiments  adduced,  espe- 
cially from  those  with  copper  compounds,  that  the  electrical 
sparks  have  a  lower  temperature  when  they  come  from  liquid 
electrodes,  that  this  temperature  is  about  that  of  the  oxyhydro- 
gen  blowpipe,  but  that  the  temperature  resulting  from  the  pas- 
sage of  sparks  between  solid  electrodes  is  much  higher  than  that 
of  any  flame. 

The  spectra  of  the  metalloids  and  of  their  compounds  vvdth  one 
another  are  not  very  numerous. 

The  spectra  of  hydrogen,  oxygen,  nitrogen,  and  chlorine  only 
result  from  the  electrical  spark ;  they  are  known,  just  as  are 
those  of  iodine  and  bromine,  which  can  be  prepared  by  the  elec- 
trical spark  or  by  the  absorption  of  white  light. 

If  iodine  is  examined  by  method  6  (volatilization  in  the  glass 
tube),  the  spectrum  depicted  is  obtained ;  but  if  very  much 
iodine  is  volatilized,  the  absorption  spectrum  is  produced.  I 
shall  recur  to  these  phenomena  subsequently.  I  have  not  suc- 
ceeded in  obtaining  a  spectrum  of  chlorine  or  of  bromine  in  a 
similar  manner,  not  even  with  bromine  when  hydrogen,  in  which 
bromine  vapours  were  volatilized,  burnt  in  oxygen ;  a  continuous 
brightness  was  all  that  could  be  perceived. 

The  spectrum  of  sulphur  was  prepared  by  method  7  (solid 
electrodes),  those  of  selenium  and  tellurium  by  method  6  (volati- 
lization in  the  glass  tube). 
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The  spectrum  of  phosphorus  obtained  by  method  6  (volatili- 
zation in  the  glass  tube)  is  only  visible  if  very  much  hydrogen  is 
burned  with  traces  of  phosphorus ;  if  more  phosphorus  is  used, 
much  phosphoric  acid  is  formed,  which  separates  as  ignited 
solid  substance  and,  like  all  such  substances,  gives  a  continuous 
spectrum,  which  by  its  brightness  conceals  the  spectrum  of  phos- 
phorus. This  experiment  gives  a  clue  to  the  affinity  at  high 
temperatures  of  hydrogen  to  oxygen  as  compared  with  that  of 
phosphorus  to  the  same  substance ;  for  phosphorus  tirst  burns 
with  a  green  flame,  probably  to  phosphorous  acid;  subsequently 
hydrogen  burns  to  water,  and  phosphorous  to  phosphoric  acid. 

Carbon  compounds,  examined  by  methods  5  (combustion  of 
gases)  and  6  (volatilization  in  the  glass  tube),  give  difi'erent  spec- 
tra according  to  the  nature  of  the  body  combined  with  carbon. 
Hydrocarbons  and  chlorides  of  carbon  always  show  the  well- 
known  spectrum  of  coal-gas  flame,  which  arises  from  the  carbon 
as  such ;  by  method  7  (solid  electrodes)  the  spectrum  of  hydro- 
gen is  simultaneously  seen,  and  for  the  most  part  a  separation 
of  carbon.  But  if  the  carbon  is  combined  with  oxygen  or  sul- 
phur, as  in  carbonic  oxide  and  sulphide  of  carbon,  a  continuous 
brightness  is  observed  on  burningj  in  which  I  did  not  succeed 
in  discovering  dark  or  bright  lines.  The  metalloid  which  is 
united  with  carbon  (for  instance  chlorine,  bromine,  iodine,  and 
sulphur)  can  never,  with  very  few  exceptions,  be  recognized  by 
the  flame  when  investigated  by  methods  1  to  6.  With  nitrogen 
this  is  not  the  case  ;  if  the  compound  is  not  very  rich  in  oxygen, 
it  can  be  recognized  by  the  formation  of  a  spectrum  of  ammonia. 

I  obtained  the  spectra  of  silicon  and  fluorine  by  effecting  the 
electrical  discharge  in  silicofluoride  of  hydrogen  and  in  hydro- 
fluoric acid.  The  spectrum  of  fluorine  which  I  obtained  with 
that  of  hydrogen  alone,  was  deducted  from  that  of  fluoride  of 
silicon,  and  thus  the  latter  recognized.  Both  spectra  consist  of 
individual  lines.  These  spectra,  like  the  rest  which  are  only 
formed  by  the  passage  of  the  sparks  from  dry  electrodes,  I  have 
not  depicted.  Silicon  and  fluorine,  investigated  by  method  5 
(combustion  of  gases),  using  fluoride  of  silicon  with  hydrogen, 
give  only  luminosities  in  which  no  shadings  are  perceptible. 

The  spectrum  of  boron  was  prepared  with  the  use  of  boracic 
acid  by  methods  6  (evaporation  in  the  glass  tube)  and  8  (liquid 
electrodes),  and  with  fluoride  of  boron  by  method  7;  in  both 
cases  I  obtained  the  same  spectrum. 

Spectra  of  the  compounds  of  the  metalloids  with  one  another 
I  could  only  observe  in  small  number.  Most  compounds  give  a 
spectrum  which,  from  the  small  intensity  of  its  light,  cannot  be 
investigated — thus,  for  instance,  hydrogen  and  hydrochloric 
acid;  others  give  a  continuous  one,  as,  for  instance,    sulphu- 
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retted  hydrogen,  sulphide  of  carbon,  sulphide  of  nitrogen,  car- 
bonic oxide.  I  never  succeeded  in  recognizing  dark  or  bright 
lines  in  the  spectra  of  these  compounds.  Of  the  compounds  of 
the  metalloids  with  one  another,  1  could  only  recognize  the  spectra 
of  cyanogen  and  ammonia :  the  first  is  already  known,  but  not 
in  a  state  of  purity;  the  lines  of  the  carbon  spectrum  which 
result  from  the  decomposition  of  cyanogen  when  burnt  in  hydro- 
gen have  been  assigned  to  the  cyanogen  spectrum;  the  spec- 
trum of  ammonia  has  recently,  during  my  research,  been  depicted 
by  M.  Dibbits.  It  is  interesting  to  recognize  again  in  the 
spectra  of  both  compounds  the  properties  of  the  simple  sub- 
stances resembling  them.  While  ammonia  always  appears  with 
more  or  less  intensity  in  the  spectra  of  its  compounds  and  thus 
behaves  like  the  metals,  cyanogen,  like  iodine,  bromine,  &c., 
loses  in  its  compounds  the  property  of  producing  a  spectrum ; 
thus  hydrocyanic  acid,  sulphocyanogen,  cyanic  acid,  &c.  give  no 
recognizable  spectrum. 

The  spectrum  of  ammonia  can  best  be  depicted  by  method  5 
(combustion  of  gases),  by  the  use  of  oxygen ;  it  is  obtained  of 
feebler  luminosity  by  method  6  (evaporation  in  the  glass  tube), 
from  ammonia  compounds,  or  best  by  urea. 

The  decomposition  and  formation  of  cyanogen  at  high  tempe- 
ratures, which  can  easily  be  followed  by  the  spectra,  is  interesting. 
For  if  the  electrical  discharge  passes  in  cyanogen,  the  gas  is 
decomposed,  very  dense  carbon  being  deposited  in  characteristic 
curves,  but  if  much  carbonic  oxide  is  added  it  remains  unde- 
composed ;  but  if  the  electrical  spark  be  allowed  to  strike  for  a 
short  time  through  air  which  contains  a  hydrocarbon,  cyanogen 
is  formed.  Hence  at  the  same  temperature  the  compound  is 
formed  and  decomposed. 

If  hydrogen  is  brought  to  burning  cyanogen,  a  change  of  colour 
is  speedily  observed  in  the  flame,  and  the  formation  of  ammonia 
is  readily  shown  by  the  spectrum.  If  carbonic  oxide  is  admitted 
to  cyanogen,  no  change,  as  already  observed,  is  produced.  Hence 
at  this  high  temperature  hydrogen  has  a  greater  affinity  for 
nitrogen  than  carbon. 

Of  the  compounds  of  the  metalloids,  I  further  examined  by 
method  6  (volatilization  in  the  glass  tube),  or  method  5  (com- 
bustion of  gases),  protoxide  of  nitrogen,  binoxide  of  nitrogen, 
nitrous  acid,  nitric  acid,  chloride  of  sulphur,  oxychloride  of  phos- 
phorus, and,  further,  sulphuretted  hydrogen  and  sulphide  of 
carbon  mixed  with  chlorine ;  in  all  cases  I  only  obtained  lumi- 
nosities without  shadings.  By  a  decomposition  of  the  com- 
pounds, selenious  and  selenic  acids  give  the  selenium  spectrum, 
and  chloride  of  iodine  the  iodine  spectrum. 
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If  the  spectra  are  compared  with  one  another,  it  is  found  that 
the  metalUc  spectra  consist  of  individual  sharp  lines,  and  that  those 
of  their  compounds  with  the  metalloids  (excepting  the  haloid  salts 
of  calcium,  strontium,  and  barium,  whose  spectra  consist  of  indi- 
vidual lines)  are  composed  of  broad  luminosities  with  narrow 
dark  lines  which  recur  at  definite  intervals. 

By  means  of  that  property,  the  spectra  of  the  haloid  com- 
pounds of  calcium,  strontium,  and  barium  are  readily  compared 
with  each  other;  and  it  is  at  once  observed  that  individual 
characteristic  lines  recur  in  the  spectra  of  one  and  the  same 
metal,  which,  according  to  the  halogens,  are  more  or  less  distant 
from  one  another,  by  which  means  the  metal  is  easily  recognized 
in  the  spectra  of  its  compounds.  The  fluorides  form  an  excep- 
tion to  this. 

If  this  phenomenon  is  investigated  in  the  case  of  the  barium 
compounds  by  the  spectra  depicted,  it  is  found  that  the  distances 
of  the  two  prominent  lines  in  the  various  spectra  are  to  each 
other  as  the  atomic  weights  of  these  compounds.  This  relation 
gives  rise  to  further  interesting  conclusions.  Thus  from  an  ob- 
served distance  of  such  lines,  the  distance  of  the  corresponding 
lines  in  the  spectra  of  other  barium  compounds  may  be  calcu- 
lated; further,  from  the  distance  and  one  known  atomic  weight 
that  of  the  other  compounds  may  be  determined. 

If  we  start  from  the  chloride-of-barium  lines,  which  are  most 
easily  procured,  and  if  we  form  from  the  atomic  weights  of  the 
compounds  and  the  distance  of  the  chief  lines  of  the  chloride-of- 
barium  spectrum,  which  is  expressed  by  3"9  degrees  of  the  scale, 
the  equation  for  the  distance  of  these  lines  in  the  iodide-of- 
barium  spectrum,  we  obtain,  taking  the  atomic  weight  of  iodide 

3*9       104; 
of  barium  at  195*5,  that  of  chloride  of  barium  at  104,  —  =  ^  ^^  _  _, 

from  which  a?=7*3  :  the  drawing  gives  7*3. 

Just  as  these  equations  may  be  stated  for  the  lines  of  iodide 
of  barium  from  those  of  chloride  of  barium,  so  in  like  manner 
we  get  for  bromide  of  barium,  whose  atomic  weight  is  148'5, 

the  equation  —  ~Tam^'  from  which  a;=5'5;    according  to 

the  drawing  it  is  5 "2. 

Of  course  the  atomic  weights  of  the  barium  compounds  men- 
tioned may  be  calculated  from  the  spectra,  as  well  as  the  spectra 
from  the  atomic  weights.  Other  equations  may  also  be  obtained 
which  express  the  relations  of  bromide  of  barium  to  iodide  of 
barium. 

The  feebler  lines  of  the  chloride-  and  bromide-of-barium 
spectra  may  also  be  compared  like  the  strong  lines ;  but  in  the 
case  of  iodide  of  barium  they  could  not  be  drawn,  and  in  bro- 
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mide  and  chloride  of  barium  they  had  not  the  precision  and  dis- 
tinctness necessary  for  making  calculations  from  them. 

In  the  spectra  of  those  haloid  salts  of  barium  whose  light  con- 
sists of  more  strongly  refracted  rays,  the  distances  of  the  indi- 
vidual lines  from  each  other  are  less  than  in  the  spectrum  of  each 
haloid  salt  whose  corresponding  lines  are  produced  by  light  of 
greater  wave-length.  For  this  relation  I  have  also  succeeded  in 
finding  an  expression. 

The  distance  of  the  more  strongly  refracted  bright  line  of  the 
chloride  of  barium  from  a  definite  point  of  the  scale,  is  to  the 
distance  of  the  other  bright  line  from  this  same  point  as  the 
distances  from  the  same  starting-point  of  the  corresponding  lines 
of  the  spectra  of  iodide  and  bromide  of  barium.  In  order  to  find 
the  starting-point,  whose  distance  from  that  of  the  most  strongly 
refracted  line  of  the  chloride-of-barium  spectrum  is  expressed  by 
y,  I  formed  from  the  spectra  of  chloride  of  barium  and  bromide 
of  barium  the  following  equation,  in  which  the  unit  is  a  degree 
of  the  scale : — 

Distance  of  the  first  chloride-of-barium  line         y 


Distance  of  the  second  chloride-of-barium  line  y  +  3*9 
__   Distance  of  the  first  bromide-of-barium  line     y  +  3 
Distance  of  the  second  bromide-of-barium  line  y-|-8"3 

from  which  2/ =  9*0. 

From  the  spectra  of  chloride  of  barium  and  iodide  of  barium 
the  equation  is  obtained, 

,  Q  n  =     ,1^  -y  f^'otn  which y  =  9-5. 
y  +  3'9      y-f-16-5  ^ 

From  those  of  bromide  of  barium  and  iodide  of  barium, 

,  T^K  =      I  Q  o>  from  which  2/  =  10-5. 
y  +  16-5      2/4-8-2' 

From  the  above  equations  we  obtain  for  the  position  of  the  com- 
mon starting-point  96*1 —y,  that  is,96-l  —  9*7  =  86"4  degrees*. 

From  these  and  the  preceding  equations,  it  follows  that  if  two 
spectra  of  the  chloride,  bromide,  or  iodide  of  barium  are  known 
by  the  first  equations,  the  distances  from  each  other  of  the  prin- 
cipal lines  in  the  spectrum  of  the  third  compound  may  be  cal- 
culated from  them.  From  the  latter  equations,  which  have 
given  the  starting-point,  the  position  of  these  lines  may  be  cal- 
culated. 

*  I  have  designated  the  starting  lines  in  the  spectra  of  the  metals  by  the 
letter  a . 
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These  relations  cannot  be  established  in  the  case  of  fluoride 
of  barium. 

Comparing  the  spectra  of  the  haloid  compounds  of  calcium, 
which  jaostly  consist  of  three  lines,  two  very  near  each  other, 
the  third  somewhat  distant,  with  the  atomic  weights  of  these 
compounds,  it  is  found  that  the  distances  from  each  other  of  corre- 
sponding lines  are  inversely  proportional  to  the  atomic  weights. 

Taking  for  the  atomic  weight  of  iodide  of  calcium  147,  of 
bromide  of  calcium  100,  and  of  iodide  of  calcium  55'5,  we  obtain 
the  following  equation  for  calculating  the  distance  of  the  most 
divergent  lines  of  bromide  of  calcium  (which  I  denote  by  x),  from 
the  distance  of  the  chloride  of  calcium  lines,  which,  according  to 
calculation  is  6*5  for  the  latter  compound: — 

-pr-z  =  TTrTT;  froni  which  a;=S6. 
D"5       iUU 

From  the  drawing  of  the  bromide-of-calcium  spectrum  the  same 
result  is  obtained,  a;=S'6. 

From  the  observed  position  of  the  lines  of  both  compounds, 
the  equation  for  the  starting-point  of  the  spectra  of  the  calcium 
compounds  is  the  following,  in  which  y  is  the  distance  of  the 
least  refracted  lines  of  the  chloride-of-calcium  spectrum  from  the 
starting-point,  which  in  this  case  is  opposite  to  the  starting- 
point  found  in  the  spectra  of  the  barium  compounds : — 

Distance  of  the  first  chloride-of-calcium  line         y 
Distance  of  the  second  chloride-of-calcium  line  y-f-6'5 
_    Distance  of  the  first  bromide-of-calcium  line    y  —  \'2 
Distance  of  the  second  bromide- of-calcium  line  y  +  2'2' 
from  which  y  =  2'6. 

The  starting-point  lies  near  129'8  of  the  division. 

In  iodide  of  calcium  I  have  not  succeeded  in  observing  a  spec- 
trum ;  I  shall  calculate  this  from  the  distance  of  the  chief  lines 
of  chloride  of  calcium  and  from  the  atomic  weights,  taking  the 
starting-point  found  as  a  basis.  In  accordance  with  this,  the 
equation  for  the  two  lines  of  iodide  of  calcium  which  have  the 
greatest  difference  is 

WE  "  147'  ^'°°'  "^^'^^  ''"^■^• 

The  equation  for  the  position  of  the  lines  of  iodide  of  calcium  is 
as  follows,  if  the  distance  of  the  line  nearest  the  starting-point 
from  the  starting-point  is  9  =  y: — 
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Distance  of  the  first  chloride-of-calciuni  line  from  the 

starting-point  2*5 

Distance  of  the  first  iodide-of- calcium  line  from  the     y 
starting-point 

Distance  of  the  second  chloride-of-calcium  line  from 
_  the  starting-point  9 

Distance  of  the  second  iodide-of-calcium  hue  from  the  y +  2*5' 
starting-point 

from  which  ?/=l. 
Hence  the  distance  of  tlie  first  iodide-of-calcium  line  would  be 
near  the  division  128-8,  and  the  other  near  126'3.  The  position 
of  the  third  line  close  to  128*8  might  be  directly  determined 
from  the  position  of  the  line  corresponding  to  it  in  the  chloride- 
of-calcium  spectrum  ;  it  must  be  near  128"6. 

The  observations  of  the  fluoridc-of-calcium  spectrum  do  not 
agree  with  the  calculations.  By  calculation  from  the  same  equa- 
tions as  in  the  case  of  iodide  of  calcium,  the  distance,  for  instance, 
of  the  two  extreme  lines  of  the  fluoride  of  calcium  would  amount 
to  9  degrees,  while  from  observation  it  is  22  degrees.  From 
calculation  from  other  equations  these  lines  must  be  about  117 
and  12G;  in  the  spectrum  observed  they  are,  on  the  contrary, 
at  102  and  121.     

In  the  spectra  of  the  haloid  salts  of  strontium  there  is  the 
same  behaviour  as  in  those  of  calcium. 

Calculating  from  the  distance  of  the  extreme  sharp  lines  of 
bromide  of  strontium  those  of  the  corresponding  lines  of  chloride 
of  strontium,  taking  the  atomic  weights  of  chloride  of  strontium 
at  79"6,  of  bromide  of  strontium  123'8,  the  distance  of  these 
bromide-of-stroutium  lines  from  one  another  being  6*5,  the  equa- 
tion obtains     5.5        79'G 

— .  =  TTTTTTrj  from  which  a;  =  10"l. 

From  the  drawing  x  also  =10. 

Proceeding  as  with  calcium,  the  starting-point  calculated  from 
both  spectra  gives  the  following  equation:  — 

Distance  of  the  first  chloride-of-strontium  line  from 

the  starting-point  7/4- 0*5 

Distance  of  the  first  bromide-of-strontium  line  from       y 

the  starting-point 
Distance  of  the  second  chloride-of-strontium  line  from 
_  the  starting-point  ?/-|-10*5 

Distance  of  the  second  bromide-of-strontium  line  from  y-|-6-5 
the  starting-point 

from  which  ?/  =  0'9. 
Hence  the  starting-point  lies  near  the  division  138"4. 
Phil.  Mag.  S.  4.  Vol.  28.  No.  188.  Sept.  1864.  O 
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If,  as  in  the  case  of  the  calcium  compounds,  the  distance  of 
the  lines  in  the  spectrum  of  fluoride  of  strontium  is  calculated 
from  that  of  bromide  of  strontium,  we  obtain  the  equation 

pryr  =  -^£^  o  ,  from  which  x  =  12'8. 

From  observation  a?=18.  Hence,  as  in  the  case  of  fluoride  of 
calcium  and  fluoride  of  barium,  this  does  not  agree  with  calcu- 
lation. 

The  iodide-of- strontium,  like  the  iodide-of-barium  spectrum, 
I  could  not  observe.  According  to  the  following  equations, 
which  are  formed  as  in  the  case  of  barium,  it  has  been  calcu- 
lated : — 

From  the  distances  and  from  the  position  of  the  starting-point, 
we  obtain  the  following  equation  for  the  position  of  the  lines  for 
iodide  of  strontium  : — 

Distance  of  the  first  bromide-of- strontium  line 

from  the  starting-point  1 

Distance  of  the  first  iodide-of-strontium  line   y 
from  the  starting-point 

Distance  of  the  second  bromide-of-strontium  line 

from  the  starting-point  7 

~  Distanceofthesecondiodide-of-strontiumlinefrom  y-f-4"7 
the  starting-point 

from  which  ?/  =  0'67. 

Hence  the  first  line  of  iodide  of  strontium  is  at  the  division 
137-3,  and  the  other  at  132*6.  The  position  of  the  other  bright 
lines  of  the  iodide  of  strontium  which  lie  between  the  two  has 
been  calculated  in  the  same  way. 

Hence  for  the  haloid  compounds  of  barium,  excepting  fluoride 
of  barium,  it  follows  that  the  distances  of  corresponding  lines  in 
their  spectra  are  directly  proportional  to  the  atomic  weight,  and 
that  for  the  haloid  compounds  of  calcium  and  strontium,  except- 
ing the  fluorides,  these  are  inversely  pi'oportional  to  the  atomic 
weights.  Further,  that  the  relation  of  the  line  neai'est  the 
starting-point  to  the  same,  to  the  distance  of  the  furthest  line, 
is  the  same  for  the  same  metal  in  the  case  of  the  haloid  com- 
pounds of  barium,  strontium,  and  calcium.  Here  also  the  fluo- 
rides are  to  be  excepted. 

I  hope  I  shall  hereafter  succeed  in  finding  the  reason  for  this 
abnormal  relation  of  the  fluorides. 

The  fact  appears  important  to  the  significance  of  the  starting 
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point  on  the  barium  spectrum,  that  I  could  observe  a  distinct 
line  in  the  spectrum  of  this  metal.  This  line  only  becomes 
visible  by  methods  6  and  7  (electricity),  or  by  bringing  barium 
compounds  into  the  flame  of  cyanogen  burning  in  oxygen. 

Such  a  relation,  as  in  the  case  of  calcium,  strontium,  and 
barium  compounds,  could  not  be  discovered  in  the  other  metals. 
Similarity  in  the  spectra  of  the  compounds  of  a  metal  is  easily 
seen  in  the  case  of  copper — for  instance,  in  the  violet  part  of  the 
bromitle-  and  chloride-of-copper  spectrum,  and  in  the  green  part 
of  the  chloride-,  bromide-,  and  iodide-of-copper  spectrum  ;  but  no 
relation  could  be  established  between  these  spectra  and  the  other 
properties  of  the  compounds. 

As  there  are  resemblances  in  the  spectra  between  individual 
compounds  of  a  metal,  so  there  are  such  between  compounds  of 
different  metals  with  oxygen.  Most  striking  is  the  resemblance 
between  the  spectra  of  lime  and  of  strontia ;  the  individual  parts 
correspond  to  each  other,  but  the  lime  spectrum  is  more  extended 
than  that  of  strontia. 

The  spectra  of  baryta  and  oxide  of  lead  are  also  very  similar 
in  certain  respects.  This  similarity  is  difficult  to  express  in  the 
drawings,  while  it  is  very  striking  to  the  sight. 

Relations  between  these  spectra  and  the  atomic  weights  I  have 
not  as  yet  been  able  to  establish,  but  it  may  be  expected  that 
such  exist. 

I  have  not  been  able  to  find  properties  of  the  spectra  of  the 
metals  which  enable  a  connexion  of  the  metals  with  one  another 
to  be  recognized :  similarity  of  individual  spectra  together  with 
similar  properties  of  the  metals  seems  to  point  at  such  a  con- 
nexion; thus,  for  instance,  the  spectrum  of  zinc  is  vei'y  like 
that  of  cadmium. 


The  metalloids  show  the  same  spectra,  provided  with  regular 
shading,  as  the  metallic  oxides ;  and  if,  for  instance,  the  spectrum 
of  the  oxygen  compounds  of  bismuth  is  compared  with  the  spec- 
trum of  iodine  obtained  by  method  6  (volatilization  in  the  glass 
tube),  a  resemblance  is  observed  corresponding  to  that  which  I 
have  noticed  as  existing  between  the  spectrum  of  oxide  of  lead 
and  of  baryta.  The  oxides  of  both  these  metals  are  decomposed 
by  high  temperatures,  and  show  individual  lines  as  spectra. 
Iodine  also,  when  investigated  by  .method  7  at  a  high  tempera- 
ture, exhibits  an  entirely  different  spectrum,  consisting  of  indivi- 
dual lines  like  the  spectra  produced  at  high  tempei-atures  from 
these  metallic  oxides;  and  from  the  phenomenon  that  iodine 
shows  two  spectra,  from  their  similarity  with  tlie  spectra  of  the 
metallic  oxides   and  those  of  the   metals,  and  from  its  ana- 

02 
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logous  deportment  with  the  first  at  high  temperatures,  the 
opinion  might  be  expressed  that  ordinary  iodine  is  a  compound 
body. 

From  this  it  wouhl  follow  that  iodine  at  ordinary  temperatures, 
and  iodine  at  the  temperature  of  hydrogen  flame,  must  be  con- 
ceived as  two  different  compounds,  because  the  spectrum  of 
iodine  formed  at  ordinary  temperatures  is  different  from  that  pro- 
duced by  the  hydrogen  llame.  A  compound  of  hydrogen  with 
iodine  in  this  flame  cannot  be  the  cause  of  it,  because  the  same 
spectrum  is  obtained  when  iodine  is  in  a  carbonic-oxide  Hame; 
from  the  ready  decompnsability  of  oxygen  compounds  of  iodine, 
the  presence  of  one  of  these  cannot  well  be  the  cause. 

Spectra  resembling  those  of  iodine  I  could  not  detect  by  the 
flame  in  the  case  of  chlorine  and  bromine.  If  the  preceding 
supjjositiou  is  correct,  bromine  must  be  regarded  asacomjjound 
body;  as  it  hos  two  spectra,  one  furuied  by  absor))tion,  and  the 
other  by  the  electrical  spaik. 

If  we  compare  with  the  flame  spectrum  of  iodine  the  spectra 
of  the  metalloids  as  formed  by  the'flamc  of  selenium,  tellurium, 
phosphorus,  and  those  of  sul|)hur  and  nitrogen,  resulting  from 
feeble  electrical  charges,  it  is  found  that  all  these  metalloids  have, 
in  their  spectra,  the  character  of  this  iodine  s])cctrum,  and 
would  thus,  if  the  above-expressed  supposition  be  confirmed,  be 
compound  bodies. 

In  comparing  these  spectra,  several  peculiarities  are  observed : 
thus  in  the  distinctly  marked  part  of  the  sulphur  and  selenium 
spectra,  the  niimberof  luminosities  aj)pears  to  be  inversely  as  the 
atomic  weights  ;  a  similar  relation  apjiears  to  obtain  to  that  which 
exists  between  the  spectra  of  the  haloid  compounds  of  barium. 
I  must,  however,  add  here  that  the  spectrum  of  sulphur,  like 
that  of  tellurium,  could  not  by  the  methods  which  I  have  hitherto 
used  be  obtained  with  the  distinctiveness  which  the  spectra  of 
other  bodies  exhibited. 

These  connnunieations  on  the  connexion  of  the  spectra  with 
one  another  and  with  the  atomic  weights  can  only  be  regarded 
as  precursory.  I  shall  continue  the  investigations  with  more 
accurate  apparatus,  and  in  due  time  make  further  communications. 

Ajipendix. 

In  conclusion  T  will  adduce  some  observations  which  refer  to 
the  flames  giving  spectra. 

The  flames  giving  sj)ectra  are  in  most  cases  produced  by  the 
luminous  gases  of  the  volatilized  bodies, — thus,  for  instance,  in 
burning  cyanogen,  and  in  the  metals  and  metallic  compounds 
which  are  brousht  into  the  flame. 
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If  the  bodies  are  contained  in  the  flame  in  such  large  quan- 
tity that  they  cannot  voLatihze  completely,  or  if  they  are  not  at 
all  volatile,  they  become  white-hot  and  give  the  spectra  of  all 
ignited  bodies,  that  is,  a  perfectly  continuous  one,  without  dark 
or  bright  lines.  The  former  is  the  case  if  phosphorus  is  inves- 
tigated by  method  G  (volatilization  in  the  glass  tube,  and  this 
somewhat  strongly  warmed) ;  for  the  latter,  the  carbon  separated 
from  hydrocarbons  is  the  best  example. 

If  such  a  body,  which  is  brought  in  excess  into  the  flame  and 
hence  docs  not  evaporate  sufliciently,  has  only  few  lines  in  the 
spectrum  (so  that  an  absorption  spectrum  of  it  is  otherwise  easily 
obtained,  since  in  the  middle  there  is  a  brightly  luminous  body, 
and  round  about  the  vapours  of  this  body),  its  absorption  spec- 
trum is  obtained.  This  is  the  case  if  sodium  is  burned,  or  much 
sodium  volatilized  in  a  hydrogen  flame.  This  phenomenon  can 
best  be  investigated  if  more  or  less  iodine  is  brought  into  the 
hydrogen  flame.  If  there  is  only  little  iodine,  the  new  spectrum 
which  I  have  found  is  obtained  ;  but  if  there  is  much  iodine,  the 
absorption  spectrum  is  obtained.  The  middle  of  the  flame  is 
white-hot;  the  white  light  must  pass  through  iodine  vapours 
and  these  absorb  a  part,  as  is  the  case  if  a  candle-light  is  viewed 
through  iodine  vapours. 

It  is  not  every  volatile  body  which,  introduced  into  the  flame, 
gives  a  spectrum.  For  particular  bodies,  a  very  high  tempera- 
ture is  necessary  to  heat  them  so  strongly  that  they  disengage 
light.  This  is  best  seen  with  meicury  ;  for  mercury  salts,  ex- 
cepting cyanide  of  mercury,  investigated  by  methods  1  (wick  of 
platinum  wire),  3  (H,  or  coal-gas,  and  0),  and  G  (volatilization  in 
the  glass  tube),  hence  at  a  lower  temperature,  give  no  spectrum  ; 
while,  when  heated  by  methods  7  (solid  electrodes)  and  8  (liquid 
electrodes),  they  ])roduce  a  very  bright  si)ectrum.  This  is  fur- 
ther observed  in  the  case  of  oxygen,  nitrogen,  and  other  gases, 
which  only  by  the  electrical  discharge  are  sufficiently  heated  to 
give  a  spectrum. 

To  investigate  whether  solid  bodies  did  not  also  produce 
spectra,  I  caused  white  light  to  pass  through  a  gold-leaf  trans- 
parent with  blue  light,  or  through  gold  which  was  precipitated 
in  extremely  dilute  solution,  but  I  could  not  observe  either  dark 
or  bright  lines  in  either  experiment. 

Berlin,  February  1864. 
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XXI.  Upon  the  Quartz  from  Euba,  and  on  the  Biaxial  character 
of  Pyramidal  and  Rhombohedral  Crystals.  By  Professor  A. 
Breithaupt*. 

N  volume  exx.  of  PoggendorfF's  Annalen  Prince  Salm- 
Horstmar  alludes  to  a  quartz  from  Euba,  near  Chemnitz  iu 
Saxony,  and  makes  mention  of  its  inferior  hardness  and  low  spe- 
cific gravity,  and  observes  also  that  it  is  optically  biaxial.  I 
conceive  that  it  is  I  who  may  claim  to  have  been  the  first  to 
discover  these  peculiarities,  for  there  was  assuredly  no  one  who, 
prior  to  my  doing  so,  had  called  attention  to  them. 

What  first  of  all  interested  me  was  the  felspar  that  is  associ- 
ated with  this  quartz,  of  which,  under  the  name  of  Paradoxite, 
I  shall  shoi'tly  publish  a  description.  I  accidentally  found,  on 
separating  the  two,  that  this  quartz  is  of  less  hardness  than  is 
usually  attributed  to  this  mineral,  and  I  was  thence  led  to  address 
myself  to  M.  Steeg  to  prepare  me  some  slices  thereof  for  optical 
purposes.  He  on  that  wrote  me  to  say  that  he  too,  when  cutting 
slices  at  right  angles  to  the  principal  axis,  found  this  quartz  to 
be  only  of  the  hardness  of  adularia.  On  scratching  it  I  find, 
however,  that  it  is  somewhat,  but  very  little,  harder  than  adu- 
laria. According  to  my  scale,  its  hardness  is  from  8  to  8^ ;  at 
the  free  summits  of  the  crystals  it  even  attains  a  hardness  of  8i, 
taking  that  of  the  Zinnewald  smoky  quartz,  or  the  transparent 
quartz  of  St.  Gotthard,  or  from  Graubiindten,  as  equal  to  9. 

Not  knowing  whether  anyone  besides  myself  has  determined 
its  specific  gravity,  I  may  state  that  it  fluctuates  between  2*578 
and  2-632,  and  that  it  so  far  goes  hand  in  hand  with  the  hard- 
ness, that  fragments  of  the  ci-ystals  on  the  ends  where  they 
were  seated  are  of  the  lowest  specific  gravity,  while  fragments 
of  the  free  ends  were  of  the  highest,  yet  never  attaining  that  of 
other  varieties  of  quartz  that  I  have  examined. 

In  the  optical  sections  prepared  for  me  by  M.  Steeg,  I  dis- 
covered at  once  the  very  distinct  biaxial  character  of  the  mineral. 
The  hyperbolas  are  not,  however,  black,  but  appear  bluish.  M. 
Jenzsch,  the  Councillor  of  Mines,  has  met  with  both  left-handed 
and  right-handed  individuals. 

Although  it  is  stated  in  the  notice  referred  to  that  this  quartz 
is  cloudy,  this  is  only  partially  the  case,  for  some  of  the  crystals 
met  with  are  quite  transparent. 

This  quartz  possesses  also  another  peculiarity,  being  more 
liable  to  be  weathered  than  any  other  with  which  I  am  acquainted. 
I  cannot  say  how  many  thousand  tiaies  I  have  noticed  quartz 
lying  on  the  surface  of  the  ground,  but  I  have  never  met  with 

*  Communicated  by  W.  G.  Lettsom,  Esq.  From  Poggendorff 's  Annalen 
der  Physik,  vol.  cxxi.  p.  326. 
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any  that  is  as  much  weathered  as  this  Euba  quartz  now  and  then 
is.  It  may  be  assumed  tor  a  fact  that  it  is  more  liable  to  become 
so  than  is  its  neighbour  the  paradoxite. 

My  friend  M.  Reich,  the  Superior  Councillor  of  Mines,  had 
the  kindness  to  examine  this  quartz  chemically  for  me,  and 
found  therein  nothing  but  silica,  with  traces  of  oxide  of  iron 
amounting  to  \  per  cent.  Professor  Wohler  has  been  so  good 
as  to  say  he  will  prepare  some  silicon  from  it  and  submit  it  to 
a  further  examination. 

This  quartz  occurs  at  Euba  in  veins,  which  are  four  in  number 
in  all.  Three  of  them  do  not  exceed  1  inch  or  2  inches  in  width, 
but  the  fourth  is  above  2  feet  thick.  In  the  former,  quartz  and 
paradoxite  alone  occur ;  but  in  the  latter,  fragments  of  porphyry 
are  met  with,  as  also  fluor  in  considerable  quantity,  and  some 
calcite  and  mica. 

As  I  was  familiar  with  paradoxite  elsewhere  only  in  connexion 
with  tin- veins,  and  as  the  blue  fluor,  as  it  occurs  here,  is  specially 
associated  with  veins  of  that  kind,  I  caused  large  fragments  of 
the  general  mass  of  the  veins  to  be  broken  up,  stamped,  and 
washed,  when,  lo,  tin-ore  was  obtained  by  washing,  from  which 
beautiful  metallic  tin  was  got  before  the  blowpipe  with  oxalate 
of  potash  upon  charcoal.  The  tin-vein  formation,  therefore, 
which  hitherto  has  been  held  to  be  one  of  the  oldest,  is  a  very 
recent  one,  for  the  veins  in  question  occur  in  the  lower  new  red 
sandstone. 

There  are  also  other  varieties  that  may  be  held  to  belong  to 
this  quartz,  especially,  for  instance,  the  so-called  s/ar-^Mar^^  from 
the  vicinity  of  Bautzen  in  Saxony,  and  from  the  neighbourhood 
of  Hohenelbe  in  Bohemia.  These  are  of  the  hardness  of  adu- 
laria.  They  consist  of  wedge-shaped,  bacillary,  aggregated  pieces 
radiating  in  a  stellar  form;  they  are,  however,  quite  cloudy, 
and  for  the  most  part  somewhat  weathered.  The  Euba  quartz 
assumes  partially  the  same  structure ;  but  it  is  rarely  stellar,  it 
is  commonly  fascicular.  I  am  acquainted  also  with  another 
star-quartz  from  the  Hill  of  Molignon  in  the  Tyrol. 


As  I  have  for  the  last  four  years  occupied  myself  to  my  utmost 
with  optical  studies,  I  will  here  mention,  quite  in  a  preliminary 
way,  and  as  concisely  as  I  can,  some  of  the  principal  results  at 
which  I  have  arrived. 

The  grossular  garnet  from  Siberia  is  in  one  tetragonal  axis  uni- 
axial, as  is  the  case  with  essonite  and  almandiue.  The  garnets 
whose  specific  gravity  is  the  highest,  namely  the  manganese  gar- 
nets, are  optically  isotropic. 

In  the  pyramidal  system,  I  have  found  that  all  transparent 
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minerals  to  which  I  have  had  access  are,  with  one  single  excep- 
tion, optically  biaxial.  The  species  that  exhibit  this  character 
the  most  clearly  are  Croraforditc  (muriocarbonate  of  lead),  Scheel- 
ites  of  various  localities^  hyacinth-zircon  from  the  neighbour- 
hood of  Schandau  in  Saxony,  different  Wulfenites,  and  mellite. 
The  biaxial  character  is  exhibited  strongest  in  a  meionite  from 
Monte  Somma  (in  others  it  is  comi)aratively  very  weak),  and  in 
the  yellowish  zircon  from  Ceylon.  That  apophyllites  are  opti- 
cally biaxial  was  established  by  Sir  David  Brewster  more  than 
twenty  years  ago.  The  observations  upon  mellite  were  made  by 
M.  Reich,  Superior  Councillor  of  Mines,  and  by  ]\I.  Jenzsch, 
Councillor  of  Mines,  quite  independently  of  each  other. 

The  one  single  exception  is  Matlockite,  which  is  optically  uni- 
axial. There  is  also  a  green  urauite,  which  is  so  feebly  biaxial 
that  many  an  observer  might  take  it  for  uniaxial. 

In  the  rhomhohcdral  system  pretty  much  the  same  holds 
good.  Tamarite  (cojjper  mica),  dioptase,  the  majority  of  cal- 
cites,  Smithsonite,  most  apatites,  nepheline,  most  quartzes  (pro- 
bably all),  beryl,  phenakite,  spartalite,  Greenockite,  and  so  forth, 
are  optically  biaxial.  Mimetite  from  Johanngeorgcnstadt  is  as 
clearly  and  strongly  so  as  many  a  biaxial  mica  is  (Muscovite). 

That  biaxial  quartzes  are  met  with  was  already  known,  and 
the  same  is  the  case  with  respect  to  beryl. 

As  far  as  I  have  ])roceeded  as  yet  in  the  determination  of  the 
angles  of  the  crystals,  not  only  in  the  oj)ticalIy  uniaxial  crystals 
of  the  cubic  system,  but  also  in  the  optically  biaxial  crystals  of 
the  pyramidal  and  rhomboliedral  systems,  those  deficiencies  of 
symmetry  may  be  shown  to  occur  to  which  attention  was  directed 
by  me  some  years  ago. 

When  in  the  course  of  last  year  M.  de  Kokscharow  witnessed 
in  so  marked  a  manner,  while  with  me,  the  biaxial  character  of 
various  idocrases,  he,  of  his  own  accord,  observed  that  he  would 
repeat  his  measures  of  that  class  of  cry^tals.  The  maugancsian 
idocrasc  from  St.  j\Iarcel  in  Piedmont  is  optically  the  most 
remarkable. 

Freiburg,  January  1864. 


XXII.    On  Molecular  Physics.     By  Prof.  W.  A.  Norton*. 

IT  is  proposed  in  the  present  paper  to  give  a  general  exposi- 
tion of  a  Physical  Theory  of  Molecular  phenomena,  based 
upon  the  highest  generalizations,  and  the  most  reliable  physical 
conceptions  to  which  the  progress  of  science  has  hitherto  con- 

*  From  Sillinian's  American  Journal  for  July  1S64. 
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ducted*.  A  theory  so  comprehensive  in  its  scope  can  be  com- 
pletely substantiated  only  by  undertaking  a  thorough  discussion 
of  the  minute  details  of  special  phenomena  in  the  several  depart- 
ments of  physical  science^  and  subjecting  it  at  all  practicable 
points  to  the  rigid  test  of  numerical  calculation.  Eut  before  any 
detailed  discussions  can  be  entered  upon,  we  must  deduce  from 
the  fundamental  conceptions  adopted  the  general  principles  of 
molecular  action,  or  the  laws  of  the  molecular  forces,  note  the 
characteristic  features  of  the  different  provinces  into  which  tlie 
entire  field  of  research  is  naturally  divided,  and  trace  out  the 
general  relations  which  they  bear  to  each  other,  or,  in  other 
words,  recognize  the  mutual  dependence  and  essential  correlation 
of  special  physical  forces. 

The  established  truths  and  generally  received  ideas  which 
form  the  basis  of  the  theory  are  as  follows  : — 

1.  All  the  phenomena  of  material  nature  result  from  the  action 
of  force  upon  matter. 

2.  All  the  forces  in  operation  in  nature  are  traceable  to  two 
primary  forces,  viz.  attraction  and  repulsion. 

3.  AH  bodies  of  matter  consist  of  separate  indivisible  ])arts, 
called  atoms,  each  of  which  is  conceived  to  be  spherical  in  form. 

4.  Matter  exists  in  three  different  forms,  essentially  different 
from  each  other.  These  are  (1)  ordinary  or  gross  matter,  of 
which  all  bodies  of  matter  directly  detected  by  our  senses  either 
wholly  or  chiefly  consist.  (2)  A  subtile  fluid,  or  scther,  asso- 
ciated with  ordinary  matter,  by  the  intervention  of  which  all 
electrical  phenomena  originate  or  are  produced.  This  electric 
cether,  as  it  may  be  termed,  is  attracted  by  ordinary  matter,  while 
its  individual  atoms  repel  each  other.  (3)  A  still  more  subtile 
form  of  rether,  which  pervades  all  space  and  the  interstices  be- 
tween the  atoms  of  bodies.  This  is  the  medium  by  which  light 
is  propagated,  and  is  called  the  luminiferous  cether,  or  the  universal 
dither.  The  atoms,  or  "atomettes,"  of  this  jether  mutually  repel 
each  other;  and  it  is  attracted  by  ordinary  matter,  and  is  conse- 
quently more  dense  in  the  interior  of  bodies  than  in  free  space. 

5.  Heat,  in  all  its  recognized  actions  upon  matter,  manifests 
itself  as  a  force  of  repulsion. 

The  corner  stone  of  a  physical  theory  of  molecular  phenomena 
must  consist  in  the  conception  that  is  formed  of  the  essential 
constitution  of  a  single  molecule — understanding  by  a  molecule 
an  atom  of  ordinary  matter  endued  with  the  properties  and  in- 
vested with  the  arrangements  which  enable  it  to  exert  forces  of 

*  The  principal  features  of  the  general  theory  here  propounded  have, 
with  few  exceptions,  been  advocated  by  the  author  before  the  Connecticut 
Academy  of  Arts  aud  Sciences,  at  various  meetings  of  the  Academy  during 
the  last  six  years. 
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attraction  and  repulsion  upon  other  molecules.  In  seeking  for 
this,  the  most  philosophical  course  that  can  be  pursued  is  to 
follow  out  to  their  legitimate  conclusions  the  general  principles 
already  laid  down.  We  have  admitted  the  existence  of  a  subtile 
sether,  attracted  by  all  bodies,  and  pervading  their  interstices ; 
now  if  bodies  attract  this  aether,  the  atoms  of  which  they  are 
composed  must  exert  an  attractive  action  upon  it.  Every  atom 
must  therefore  be  surrounded  with  an  atJierenl  atmosphere,  con- 
densed upon  its  surface,  and  extending  indefinitely  outward. 
Again,  it  is  conceded  that  the  electric  aether  or  fluid,  if  it  exists, 
must  be  attracted  by  ordinary  matter;  but  if  this  attraction 
subsists  it  must  be  exerted  by  the  individual  atoms,  and  there- 
fore every  atom  must  also  be  surrounded  with  an  atmosphere  of 
electric  aether — an  electric  atmosphere,  as  it  may  be  termed.  We 
must  suppose  that  the  interstices  between  the  atoms  of  this  elec- 
tric atmosphere  will  be  pervaded  by  the  more  subtile  aethereal 
atmosphere.  We  are  thus  led  to  conceive  of  a  molecule  as  con- 
sisting of  an  atom  surrounded  with  two  atmospheres,  aethereal 
and  electric — the  former  being  the  more  attenuated,  and  perva- 
ding the  other.  We  may  suppose  either  that  these  two  aethers 
exercise  no  direct  action  upon  each  other,  or,  what  is  more  pro- 
bable, that  the  electric  atoms  attract  the  aethereal,  and  are  there- 
fore surrounded,  like  the  central  atoms  of  the  molecules,  with 
aethereal  atmospheres.  To  this  supposed  fact  we  may  attribute 
the  mutual  repulsion  subsisting  between  the  electric  atoms,  and 
thus  restrict  the  fundamental  property  of  repulsion  to  the  atoms 
of  the  universal  aether. 

The  conception  here  formed  of  a  molecule  involves  the  idea 
of  the  operation  of  the  two  forces  of  attraction  and  repulsion  :  a 
force  of  attraction  is  exerted  by  the  atom  upon  each  of  the  two 
atmospheres  surrounding  it,  and  a  force  of  mutual  i-epulsiou 
between  the  atoms  of  each  atmosphere.  These  we  regard  as  the 
primary  forces  of  nature,  from  which  all  known  forces  are  derived. 
They  determine  primarily  the  physical  relations  of  the  atom  to 
its  atmospheres.  In  seeking  for  the  molecular  actions  that  may 
result  from  their  operation,  there  are  two  different  routes  that 
may  be  taken.  We  may  conceive  that  the  atmospheres  sur- 
rounding each  atom  are  naturally  in  a  condition  of  statical  equi- 
librium, and  that  the  primary  forces  with  which  the  molecule  is 
invested  take  effect  at  all  distances,  without  the  intervention  of 
any  medium,  and  unobstructedly  through  all  intervening  matter ; 
or  we  may  conceive  the  natural  equilibrium  of  the  molecular 
atmospheres  to  be  a  dynamical  one,  and  that,  as  a  necessary 
consequence,  recurring  impulses,  both  attractive  and  repulsive, 
are  propagated  outward  by  the  surrounding  aether  from  each 
molecule,  and  take  effect  upon  other  molecules.     Here,  as  before. 
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we  shall  follow  the  indications  of  existing  science,  which,  as  will  be 
generally  coucededj  point  to  a  dynamical  origin  of  the  molecular 
forces.  The  ideas  we  have  thus  been  led  to  form  with  regard 
to  the  real  nature  and  mode  of  action  of  these  forces  are  as 
follows. 

The  molecular  forces  consist  of — 

1.  A  repulsive  action  of  the  electric  atmosphere  of  a  molecule 
exerted  primarily  upon  the  electric  sether  immediately  exterior 
to  it.  This  force  of  repulsion  is  made  up  of  recurring  impulses, 
which  are  propagated  in  waves  through  the  circumambient  elec- 
tric aether.  These  impulses  fall  upon  the  electric  atmospheres 
of  contiguous  molecules,  and  are  thence  propagated  down  to  the 
surfaces  of  the  central  atoms,  and  take  effect  upon  these  as  a  force 
of  repulsion. 

2.  An  attractive  action  exerted  by  the  central  atom  of  the 
molecule  upon  the  electric  aether  surrounding  it ;  originating  a 
series  of  successive  contractions  of  this  atmosphere,  and  thus  of 
inward-acting  impulses,  which  are  propagated  outward  and  form 
a  set  of  attractive  waves.  These  are  received,  like  the  repulsive 
impulses,  upon  the  surfaces  of  contiguous  electric  atmospheres, 
and  propagated  to  the  central  atoms,  upon  which  they  take  eflPect 
as  an  attractive  force.  The  recurring  contractions  of  the  atmo- 
sphere here  supposed  do  not  necessarily  imply  that  the  force 
which  produces  them  acts  by  impulses,  for  every  such  contrac- 
tion must  develope  a  resistance,  which  will  occasion  a  subsequent 
expansion;  and,  at  the  same  time,  recurring  expansions  should 
result  from  the  similar  impulses  propagated  from  surrounding 
molecules.  The  electric  atmospheres  that  envelope  the  atoms  of 
bodies  may  accordingly  be  in  a  perpetual  dynamical  condition 
of  alternating  contractions  and  expansions,  or  of  alternating 
inward  and  outward  movements  of  their  atoms,  although  the 
primary  forces  acting  upon  these  atoms  should  be  continuous  in 
their  action. 

But  if  we  confine  our  attention  to  the  action  of  a  single  atom 
upon  its  electric  atmosphere,  it  will  be  seen  that  the  expansions, 
which  of  necessity  follow  the  contractions,  must  be  of  less  extent 
than  the  contractions;  for  a  part  of  the  contractile  force  is  ex- 
pended in  impelling  a  portion  of  the  universal  sether  compressed 
upon  the  surface  of  the  central  atom  normally  outward  from  this 
surface.  To  the  extent  that  this  takes  place  will  the  contraction 
of  the  atmosphere  exceed  the  expansion  which  immediately  fol- 
lows it,  and  an  effective  attractive  force  be  propagated  through 
the  surrounding  electric  aether.  AVe  are  thus  led  to  recognize 
the  existence  of  a  third  molecular  force,  viz.  a  force  of  repulsion 
originating  in  the  attractive  action  exerted  by  the  atom  of  the 
molecule  upon  its  electric  atmosphere. 
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3.  A  third  molecular  force,  then,  consists  of  a  series  of  repul- 
sive or  outward-acting  impulses  imparted  to  the  universal  aether 
at  the  surface  of  the  atom  of  a  molecule  by  the  contractile  force 
exerted  by  the  atom  upon  its  electric  atmosphere.  This  repul- 
sion is  equal,  at  its  origin,  to  the  attraction  which  dcvclopcs  it. 
It  is  propagated  in  waves  which,  unlike  the  waves  conveying  the 
other  molecular  forces,  proceed  through  the  universal  tether. 
These  waves,  if  each  contraction  of  the  atmosphere  were  not  fol- 
lowed by  a  partial  expansion,  would  be  of  the  character  of  "  waves 
of  translation,"  and  would  convey  only  outward-acthig  impulses  ; 
they  are,  in  fact,  oscillatory  waves,  in  which  the  outward  predo- 
minate over  the  inward  acting-impulses. 

The  force  thus  originating  may  be  regarded  as  the  primary 
force  of  heat,  and  may  be  termed  heal  repulsion.  The  other  two 
molecular  forces  may  be  designated  as  the  forces  o{  electric  attrac- 
tion and  electric  repulsion.  But  they  should  not  be  confounded 
with  the  special  electric  forces  that  come  into  jjlay  wkencver  the 
natural  quantity  of  electric  rcther  associated  with  atoms,  or 
present  on  different  sides  of  atoms,  cxj)eriences  any  material 
increase  or  diminution — which  will  be  considered  in  another 
connexion. 

The  molecular  forces  that  have  now  been  specified  might  be 
otherwise  characterized  as  follows:  (1)  A  repulsion  of  the  one 
electric  atmosjjhere  for  the  other,  operating  through  the  inter- 
vention of  the  electric  rcther  posited  between  the  two.  (2)  An 
attraction  of  the  gross  atom  of  the  one  molecule  for  the  electric 
atmosj)herc  of  the  other,  also  taking  effect  by  means  of  the  in- 
tervening electric  aether.  (3)  A  repulsion  exerted  by  the  atom 
of  the  one  molecule  upon  that  of  the  other,  through  the  inter- 
vening universal  jcther,  and  originating  in  the  attraction  just 
mentioned.  These  forces  consist  of  recurring  impulses  propa- 
.  gated  in  waves  through  the  ?ethereal  media,  which  take  effect 
ultimately  as  attractive  or  repulsive  impulses  upon  the  central 
atoms  of  molecules.  The  law  of  diminution  of  the  propagated 
forces  is  that  of  the  inverse  squares. 

If  the  cuthereal  as  well  as  the  electric  atmospheres  of  particles 
be  conceived  to  be  in  a  state  of  dynamical  equilibrium,  their 
alternate  contractions  and  expansions  should  originate  oscilla- 
tory waves  that  would  be  propagated  indefinitely  onward  through 
the  jether  of  space.  If  we  admit,  with  Professor  Challis,  that 
such  purely  oscillatory  waves,  when  they  fall  upon  particles, 
will  give  rise  to  an  attraction  or  a  repulsion,  according  to  the 
breadth  of  the  waves  in  comparison  with  the  diameter  of  the 
particles,  and  that  the  force  of  gravitation  may  be  conveyed  by 
such  waves,  we  have  in  the  supposed  dynamical  condition  of 
sethereal  atmospheres  of  particles  a  possible  origin  of  waves  of 
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gravitation,  which  cannot  be  found,  ]irimarily,  in  any  supposed 
motion  of  gross  atoms  in  an  isolated  condition.  It  should  be 
observed,  too,  that  the  dynamical  condition  of  atinos|)heres  here 
considered  is  really  a  necessary  consequence  of  the  lirst  opera- 
tion of  the  force  of  attraction  of  atoms  upon  the  surrounding 
sether,  if  the  elasticity  of  the  rcther  be  perfect. 

A  different  view  of  the  possible  nature  and  origin  of  the  mole- 
cular forces  from  that  which  has  been  given,  may  be  obtained 
by  changing  our  stand-point. 

We  may  conceive  the  same  three  forces,  viz.  one  of  attrac- 
tion, and  two  of  repulsion,  to  be  in  operation,  but  we  may  re- 
place the  forces  of  electric  attraction  and  re|)ulsion  ])y  equivalent 
forces  propagated  through  the  universal  pether.  This  may  be 
realized  as  a  physical  conception  by  regarding  the  atoms  of  the 
molecules  and  those  of  the  surrounding  electric  ajther,  each  en- 
compassed by  its  ccthereal  atmosphere,  as  being,  or  rather  their 
atmospheres,  in  the  dynamical  condition  of  alternate  contraction 
and  expansion,  and  thus  as  being  centres  from  which  proceed 
oscillatory  waves,  and  that,  as  the  result,  in  accordance  with  the 
general  theory  so  ably  advocated  by  Professor  Challis,  the  elec- 
tric atoms  of  two  atmospheres  may  repel  each  other,  and  the 
central  atoms  which  they  surround  may  also  repel  each  other ; 
the  general  result  being  that  similar  atoms  repel,  and  dissimilar 
attract.  Upon  this  view  the  foi-ces  we  have  deduced  from  the 
dynamical  state  of  the  electric  atmospheres,  which  must  still  be 
in  operation,  must  be  overshadowed  by  tliose  now  considered. 
Upon  the  former  idea  it  is  the  forces  now  derived  from  the  dyna- 
mical state  of  the  cethereal  atmospheres  that  must  be  oversha- 
dowed by  the  others.  A  discussion  of  phenomena  can  alone  de- 
cide which  of  these  two  general  views  should  be  adopted.  In 
the  present  memoir  we  shall  chiefly  occupy  the  ground  first  taken. 

Among  the  physicists  of  the  ])rcsent  day  there  seems  to  be  a 
growing  inclination  to  discard  the  notion  of  an  electric  fluid  as 
distinct  from  the  aether  of  space,  and  attempts  have  been  made 
by  Challis,  Tyndall,  and  others,  to  frame  a  consistent  dynamical 
theory  of  molecular  forces  and  phenomena  based  upon  the  sup- 
posed existence  of  only  two  forms  of  matter,  viz.  gross  matter, 
and  the  rether  of  space.  The  fundamental  position  taken  by 
these  distinguished  physicists  is  that  the  molecular  forces,  inclu- 
ding heat,  are  conveyed  by  purely  oscillatory  waves,  and  gxW\- 
nate  in  a  vibratory  motion  of  the  ultimate  particles  of  bodies.- 
Against  this  idea,  however  plausible  it  may  seem,  and  however 
admirable  may  be  the  ingenuity  and  skill  with  which  it  has  been 
sustained,  many  serious  objections  may  be  urged.  One  or  two 
of  these  may  be  briefly  stated. 

1.  No  possible  mode  of  explaining  the  phenomena  of  electri- 
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city  and  magnetism  has  yet  been  indicated  by  the  advocates  of 
this  theory.  The  electric  fluid  is  expelled  by  them  from  the  vast 
field  it  has  hitherto  occupiedj  but  all  attempts  to  supply  its  place 
have  proved  futile. 

2.  Another  obvious  objection  is,  that  vibratory  motions  of  gross 
atoms  arc  supposed  to  originate  the  forces  by  which  such  atoms 
are  primarily  aggregated  into  masses,  whereas  it  is  essential  to 
the  possibility  of  such  vibrations  that  contiguous  atoms  should 
exercise  a  mutual  action  upon  one  another — that  is,  be  previously 
aggregated.  We  must  suppose,  then,  the  existence  originally  of 
other  forces,  to  bring  isolated  atoms  together  and  make  the  sup- 
posed forces  due  to  vibratoiy  motions  of  the  atoms  possible; 
that  is,  these  latter  forces  become  possible  only  when  there  is  no 
longer  any  further  occasion  for  them.  We  have  seen  that  another 
possible  origin  may  be  ascribed  to  such  oscillatory  waves  that 
does  not  involve  the  physical  impossibility  just  referi-ed  to,  from 
which  those  who  seek  for  the  key  to  all  molecular  phenomena 
in  the  motions  of  gross  atoms  can  hardly  escape. 

3.  The  notion  advocated  by  Tyndall  in  his  admirable  work 
on  '  Heat  considered  as  a  Mode  of  Motion,'  that  heat  and  light 
originate  in  a  vibratory  motion  of  ordinary  atoms,  involves  the 
supposition  that  these  atoms  are  capable  of  vibrating  at  the 
astonishing  rate  of  six  hundred  trillion  vibrations  in  a  second, 
while  the  most  rapid  vibration  of  atoms,  or  of  a  collection  of 
atoms,  known  to  take  place  in  the  production  of  sound,  does 
not  exceed  24,000  per  second.  It  may  be  conjectured  that  this 
immense  chasm  may  be  spanned  by  the  idea  that  the  ultimate 
particles  of  bodies  are  immeasurably  smaller  than  any  collec- 
tion of  atoms  which  may  be  simultaneously  vibrating  when 
bodies  emit  sound;  and  that  since  a  musical  string  vibrates 
more  rapidly  in  proportion  as  it  is  shorter,  a  single  particle  may 
vibrate  at  an  inconceivably  rapid  rate  by  reason  of  its  exceeding 
minuteness.  But  the  analogy  here  supposed  does  not  exist  as 
a  physical  fact,  and  no  such  inference  can  be  drawn  from  it ;  for 
the  rate  of  vibration  of  the  string  depends  upon  the  distance 
between  its  two  fixed  points,  but  in  no  proper  sense  can  it  be 
said  that  two  particles  between  which  another  is  situated,  are 
fixed,  so  as  to  be  incapable  of  taking  on  the  motion  imparted  to 
the  intermediate  one.  So  far  from  this  being  the  case,  the  dis- 
placed particle  can  only  vibrate  by  reason  of  the  reaction  of  the 
contiguous  particles  to  the  action  which  it  exercises  upon  them ; 
and  in  receiving  this  action  the  motion  must  be  transmitted.  If, 
to  remove  the  difficulty,  we  conceive  the  particle  to  oscillate  as 
if  it  were  wholly  isolated,  in  union  with  an  oscillatory  wave 
falling  upon  it,  we  then  fall  upon  the  second  objection  stated 
above,  and  seek  in  vain  through  the  universe  for  the  vibratory 
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motion  of  atoms  of  ordinary  matter  in  which  this  wave  convey- 
ing such  wonderfully  rapid  vibrations  can  have  originated.  We 
at  the  same  time  remove  the  necessary  foundation  for  the 
explanation  of  a  variety  of  special  facts  and  phenomena,  which 
require  the  assumption  of  special  rates  of  vibration,  proper 
to  the  particles  of  different  bodies — as  the  different  colours  of 
bodies,  &c. 

Again,  if  the  rates  of  vibration  of  ultimate  particles  depend 
upon  the  mutual  actions  subsisting  between  the  displaced  par- 
ticle and  those  adjacent  to  it,  the  vibrations  in  which  the  heat- 
force  is  supposed  to  consist,  should  be  propagated  from  par- 
ticle to  particle,  just  as  any  mechanical  force  is ;  in  other 
words,  heat  should  be  conducted  after  the  same  manner,  es- 
sentially, and  at  the  same  rate,  that  sound  is  conducted  by  the 
same  medium. 

By  ascending  to  the  reservoir  of  primary  force,  from  which 
all  the  different  streams  of  force  flow,  as  has  been  attempted  in 
this  communication,  we  may  avoid  some  of  the  difficulties  at- 
tending the  rejection  of  the  idea  of  the  existence  of  an  electric 
aether;  and  in  many  portions  of  the  field  of  physical  science 
the  part  played  by  the  electric  sether  is  so  similar  to  that  which 
we  may  suppose  would  be  performed  by  the  universal  aether 
under  similar  cii'cumstances,  that  the  suspicion  at  times  arises 
that  all  the  offices  now  attributed  to  the  former  will  eventually 
be  found  to  be  discharged  by  the  latter.  If  so,  the  processes  of 
operation  will  not  of  necessity  be  changed,  but  only  the  agent 
or  medium. 

Admitting  that  the  molecular  forces  consist  of  two  forces  of 
repulsion  and  one  of  attraction,  as  characterized  on  pp.  195-6,  let 
us  proceed  to  inquire  into  the  variations  that  may  occur  in  the 
effective  action  of  two  similar  molecules,  separated  by  various 
intervals  of  distance.  Let  cc=  the  distance  between  two  mole- 
cular atmospheres ;  r=  the  radius  of  either  atmosphere ;  ?/i  =  the 
constant  of  electric  repidsion,  that  is,  the  force  of  electric  repul- 
sion exerted  upon  either  atom  when  x=\;  and  n=:  the  con- 
stant of  the  electric  attraction,  which  will  also  be  the  constant  of 
the  equal  force  of  repulsion  propagated  from  the  surface  of  the 
atom  through  the  universal  aether.  Also  let  m=  the  force  of 
electric  repulsion,  and  v^  the  excess  of  the  attractive  force  over 
the  sethereal  repulsion  developed  by  the  attraction, — all  the  forces 
being  considered  as  taking  effect  upon  the  central  atom.  The 
effective  action  exerted  by  either  molecule  upon  the  other  will 
be  the  difference  between  the  values  of  u  and  v.  Denote  it  by 
/;  then  f=:v—u.  When  the  calculated  value  of /"is  positive 
the  action  will  be  attractive ;  when  it  is  negative  the  action  will 
be  repulsive.     We  have  for  the  force  of  attraction  the  general 
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expression 


(r  +  a) 


^;    for  the  sethcreal  repulsion  the  expression 

Then 


7^,^ th;  and  for  the  electric  repulsion  — , 


w  = 


71  n        n{3r-  +  2}\T) 

{r  +  xf  ~  {2r  +  af  ~  {r  +  xf  {2r  +  a^^' 


m 
u=  —, 


„_    _    _     n(3r-  +  2rA') 
J-''     "-  [r  +  xf{:2r:^xY 


0) 
(2) 
(3) 


As  the  two  forces  of  electric  attraction  and  repulsion  liave  an 
entirely  diifcrcut  origin,  Ave  have  no  reason  to  siijipose  that 
w  =  ;//;  nor  have  we  any  means  of  ascertaining,  on  a  priori 
grounds,  their  comparative  values.  Ent  we  can  assume  that 
?«  =  w  for  some  su])j)osed  value  of  x,  determine  the  ratio  of  ?i  to 
m  on  this  supposition,  and  calculate  the  values  of/ for  various 
values  of  .r,  hoth  greater  and  less  than  that  for  which  we  have 
taken /=0. 

Table  I. 
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/= 
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/= 
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x=20r. 
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>j  = 
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n  = 
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x. 

/. 

X. 

/. 

X. 

/. 

X. 

/• 

X. 

/. 
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80 
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4-1 
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OOOor)o 

5  0 
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45 
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60 
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The  preceding  Table  contains  the  results  of  numerous  calcula- 

Til 

tions  made  after  this  manner,  in  which  k  stands  for  —^. 

From  these  results  it  appears  that  for  values  of  —  greater  than 

4"938,  or  thereabouts,  there  are  hvo  alternations  of  the  effective 
force  f  as  the  distance  between  the  molecular  atmospha-es  increases 
indefinitelt/  from  zero.  The  first  is  from  a  repulsion  to  an  attrac- 
tion; the  second  is  from  an  attraction  to  a  repulsion.  The  re- 
pulsion which  becomes  effective  beyond  the  limit  of  the  attrac- 
tion at  first  increases,  and  then  decreases,  extending  to  an  inde- 

finite  distance.     If  the  ratio  —  be  less  than  about  4'938,  the 

m 

efiective  action  of  the  two  molecules  upon  each  other  will  be 

repulsive  at  all  distances.     It  will  be  observed    also  that  the 

range  of  distance  within  which  an  attractive  force  takes  eflFect  is 

n 
greater  in  proportion  as  the  value  of  —  is  greater,  and  that  this 

becomes  reduced  nearly  to  zero  when  this  ratio  is  equal  to  4' 938  ; 
also  that  in  all  cases  in  which  an  effective  attraction  manifests 
itself  at  any  distance  whatever  between  the  molecules  (that  is,  in 
the  case  of  every  known  solid  and  liquid),  the  effective  repulsion 
within  the  limit  of  the  attraction  obtains  at  less  distances  between 
the  electric  atmospheres  of  the  molecules  than  about  3r,— that  is, 
than  once  and  a  half  the  diameter  of  either  atmosphere. 

For  the  more  accurate  determination  of  the  least  value  of  the 

ratio  — ,  we  have  the  following  results  of  computation : — 

n 
For/=0  when  x=^r,  -  =4-93827;  for /=0 when  x=2'9r, 

-  =4-93449;  for/=0  when  x=2'^r,  -  =4-934409;  for  /•=0 

when  x  =  2'7r,  —  =4"93847.    If  then  the  ratio—  be  greaterthan 
m  m      ° 

4-9344,  the  two  alternations  of  effective  molecular  force  above 
mentioned  will  have  place ;  if  the  ratio  be  less  than  4*9344,  the 
eff^ective  action  of  the  one  molecule  upon  the  other  will  be  repul- 
sive at  all  distances. 

It  is  assumed  in  the  foregoing  calculations  that  the  surface  of 
each  molecular  atmosphere  which  receives  the  impulses,  whether 
attractive  or  repulsive,  propagated  from  the  other  through  the 
intervening  electric  aether,  may  be  regarded  as  the  same  as  that 
from  which  the  electric  repulsion  proceeds  outward ;  but  it  will 
be  readily  seen  that  they  may  be  supposed  to  diflFer  within  cer- 
tain limits,  without  vitiating  the  result  that  for  certain  values  of 
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-  two  alternations  of  the  effective  force  will  subsist.     Tiie  forces 
in 

may  also  experience  losses,  to  a  certain  extent,  in  their  propaga- 
tion, and  this  general  principle  still  hold  good. 

It  should  also  be  observed  that  when  two  particles  are  remote 
from  each  other,  as  in  the  case  of  a  particle  of  cometic  matter 
repelled  by  the  sun,  we  must  suppose  the  intervening  space  to 
be  occupied  by  the  universal  sether  only.  In  such  a  case,  then, 
both  the  attractive  action  and  the  electric  repulsion  will  be  want- 
ing, arid  the  only  force  remaining  will  be  the  cetlicrcal  or  heat- 
repulsiun ;  which  should  operate  at  indelinite  distances,  accord- 
ing to  the  law  of  inverse  scpiarcs.  A  discussion  of  the  pheno- 
mena of  evolution  of  cometary  envelopes,  and  of  the  outstreaming 
of  jets  of  nebulous  matter  from  particular  parts  of  the  surface 
of  the  nucleus,  must  be  had  before  we  can  decide  how  far  the 
electric  rcjiulsion  maybe  in  operation  in  the  processes  of  ejection 
of  cometic  matter  from  the  nucleus*. 

The  general  law  of  the  variations  of  the  force  of  effective 
molecular  action  is  graphically  represented  by  the  curve  r  a  m 
c  n  in  fig.  1 .  The  abscissas  represent  the  comparative  distances 
between  the  electric  atmcs))heres  of  the  two  molecules,  and  the 
ordinates  the  intensities  of  the  effective  force  corresponding  to 
these  distances.  When  the  ordinate  lies  above  the  axis  of 
abscissas,  the  force  is  attractive ;  when  it  lies  below,  the  force  is 
repulsive.  The  two  axes  are  asymptotes  to  the  curve.  The 
curve  has  been  constructed  from  the  calculated  results  obtained 
on  the  supposition  that/=0  when  a- =  5/-. 

There  arc  four  points,  marked  a,  b,  c,  d,  to  be  esp(!eially  noted. 
a  and  c,  where /=0,  represent  positions  of  equilibrium,  a  being 
a  position  of  stable,  and  c  of  unstable  equilibrium.  AVhen  the 
atmos])heres  are  separated  by  the  distance  Ob  the  attraction  has 
its  maximum  value,  b  m  ;  and  when  they  are  at  the  distance  O  d, 
the  repulsion,  beyond  the  outer  limit  of  the  attraction,  has  its 
maximum  value,  dn.     In  order  that  two  particles  may  unite 

*  In  the  memoir  by  the  autlior  "  On  the  Theoretical  Determination  of  the 
Dimensions  of  Donati's  Comet,"  pubUshed  in  No.  87,  vol.  xxix.,  and  in  No. 
9-1, vol.  xxxii.  of  Silliman's  American  Jonrnal,  the  conclusion  was  reached,  as 
one  resnlt  of  the  computations,  that  "the  repulsion  exerted  by  the  sun, 
and  also  by  the  nucleus  (of  the  comet),  is  not  a  property  belonging  to  all  the 
particles  of  the  mass,  like  the  attraction  of  gravitation  ;  and  is  probably 
therefore  a  force  emanating  from  the  surface  of  the  body,  or  from  a  portion 
only  of  its  mass."  We  now  see  that  the  existence  of  such  a  force  is  also  a 
legitimate  deduction  from  the  theory  of  molecular  forces  under  considera- 
tion, and  that  it  consists  in  the  force  of  ethereal  repulsion,  which  we  have 
denominated  heat-repulsion.  Its  impulses  constitute  the  entire  force  of 
radiant  heat  given  otf  by  the  body  into  free  space,  and  vary  in  intensity  or 
amount  with  the  temperature. 
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when  influenced  by  their  own  proper  forces  only,  the  distance 
between  their  atmospheres  must  be  less  than  Oc.     But  if  they 


Fis.  1 


are  subject  to  an  external  pressure  urging  them  toward  each 
other,  it  suffices  that  this  pressure  should  exceed  the  maximum 
repulsion  dn,  at  the  greater  distance  0^/.  To  separate  the  parti- 
cles, the  force  in  operation  must  exceed  in  intensity  the  maximum 
molecular  attraction,  i/«*. 

If  heat  be  imparted  to  the  two  particles  under  consideration, 
it  will  obviously  tend  to  depress  the  entire  curve  of  molecular 
action,  and  diminish  the  range  a  c  of  the  attractive  force.  If 
the  amount  be  continually  increased,  the  distances  between  the 
two  positions  of  equilibrium,  a  and  c,  will  eventually  be  reduced 
to  zero,  and  the  curve  thrown  entirely  below  the  axis  of  abscissas, 
or  the  eflfective  force  become  a  mutual  repulsion  at  all  intervals 
of  distance  between  the  particles.  This  would  be  the  neces- 
sary tendency  of  the  introduction  of  new  repulsive  impulses 
into  the  system,  even  if  the  original  forces  continued  in  full 

*  To  guard  against  misappvehension,  it  maybe  well  to  observe  here  that 
the  resisting  force  of  cohesion  which  is  brought  into  ])lay  when  a  body  is 
ruptured  by  a  pulling  force  is  not  necessarily  jiroportional  to  the  intensity 
of  the  maximum  force  of  attraction  between  two  of  its  particles.  For  it 
must  depend,  not  only  upon  tlie  intensity  of  this  attraction,  but  also  on  the 
number,  distance,  and  position  of  the  other  particles  that  oppose,  by  their 
attractive  action,  the  separation  of  the  two.  Incidentally  the  displacement 
these  ])articles  may  experience,  from  the  action  of  the  rupturing  force, 
comes  in  as  a  modifying  cause, 
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operation  as  before ;  but  heat,  by  expanding  the  molecular 
atmospheres,  should  also  tend  to  diminish  the  ratio  of  n  to  m, 
and  therefore  to  modify  in  a  similar  manner  the  natural  curve 
of  molecular  action. 

It  is  easy  to  see  that  a  similar  curve  will  also  serve  to  repre- 
sent the  mutual  actions  of  dissimilar  molecules,  which  obtain 
when  a  chemical  union  is  formed  between  two  different  sub- 
stances. But  in  this  case  a  force  of  electric  attraction  not  yet 
considered  may  come  into  play. 

The  general  principle  of  two  alternations  of  the  effective  action 
of  molecules,  to  which  we  have  been  theoretically  conducted,  is 
distinctly  recognized  as  a  physical  fact  in  the  three  different 
states  of  aggregation  of  matter — in  the  molecular  attraction 
and  repulsion  manifest  in  solids  and  liquids,  and  in  the  mutual 
repulsion  subsisting  between  the  same  particles  when  widely 
separated  in  the  vaporous  condition.  It  will  be  seen  hereafter 
that  the  law  of  molecular  action,  as  portrayed  in  the  curve 
shown  in  fig.  1,  furnishes,  in  the  probable  variations  of  the  ratio 

— ,  an  adequate  general  cause  for  the  varied  results  of  this  action 

exhibited  in  the  different  properties  of  substances ;  and  at  the 
same  time  reveals  the  probable  explanation  of  many  physical 
and  chemical  phenomena  occurring  at  surfaces  of  contact,  and 
of  the  dependence  of  these  phenomena  upon  temperature  and 
other  circumstances,  as  in  oxidation,  combustion,  &c. 

From  the  stand-point  now  taken,  new  views  open  up  to  us  on 
all  sides.  The  more  conspicuous  of  these  we  will  proceed  to 
sketch,  in  general  outline,  under  the  several  heads  of  the  Mole- 
cular Constitution  and  Mechanical  Properties  of  Bodies,  Heat, 
Light,  Electricitij,  Magnetism,  and  Chemical  Action.  The  inti- 
mate relations  subsisting  between  the  phenomena  occurring  in 
these  different  departments  of  Nature,  and  between  the  special 
agents  by  which  they  are  produced,  or  the  "  correlation  of  the 
physical  forces,"  will  be  seen  to  be  deducible  from  the  funda- 
mental conceptions  adopted.  It  will  be  observed  that  all  these 
varied  phenomena  are  but  different  results  of  the  action  of  the 
primary  forces,  which  consists  in  an  attraction  of  atoms  for  their 
atmospheres,  and  in  a  mutual  repulsion  between  the  atoms  of 
these  atmospheres ;  that  they  are,  primarily,  movements  or  dis- 
turbances produced  in  these  subtile  atmospheres,  from  which 
sethereal  waves  of  impulses  and  motions  of  molecules  and  masses 
may  result. 

[To  be  continued.l 
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XXIII.  On  the  Operating  Symbol  of  Differential  Covariants.  By 
The  Honourable  Chief  Justice  Cocki.'e.,  President  of  the  Philo- 
sophical Society  of  Queensland*. 

CONSIDERING  the  complete  form  of  differential  cubic,  the 
operating  symbol  A,  of  my  paper  "  On  Differential  Cova- 
riants" in  the  last  March  (1864)  Number  of  this  Journal,  will 
become 

8—a-7r—2b-, 3c  -j>: 

do  dc  df 

or  rather  we  ought  to  say 

in  order  to  mark  the  indissoluble  nature  of  the  bond  which  con- 
nects the  elements,  or  constituents,  of  the  constituents  or  ele- 
ments of  the  operator.  Moreover  a,  h,  c,  f,  and  x  being  treated 
as  independent,  we  have 


or,  more  fully, 


K    d  _  d 

dx      dx     ' 


AK'=A^  =  |-.AK. 

dx        dx 


Illustration  will  probably  serve  all  the  purposes  of  a  more 
laboured  exposition,  and  the  use  of  the  brackets  in  giving  clear- 
ness and  precision  to  the  operations  will  appear  from  the  follow- 
ing transformation  : 

L  dcJ  ^  L  dcJ  L  dcj  dx        dxL  dcJ  dx  ~ 

If  AK  vanishes,  the  commutative  property  of  -j-  and  A  enables 

us  to  perceive  that  AK'  vanishes  also.     That  AK'g  vanishes  may 
be  shown  directly,  thus  : 

AK'2 = A  {2bb'  -  a'c  -  c'«  +  ab"  -  ba") 
=  -  2a6'  -  2bd  +  2a'6  +  2ab'  -aa"  +  aa" 
=  0. 

If  we  employ  differentials  instead  of  differential  coefficients, 
the  operator  for 

(a,  b,  c,  f\d,  dxfy 

*  Communicated  by  the  Author. 
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In  these  last  expressions  dx  is  to  be  treated  as  if  it  were  an 
ordinary  symbol  of  quantity,  and  8  is  now  defined  by  the  equation 

Brisbane,  Queensland,  Australia, 
May  30,  18G4. 


XXIV.  On  the  Conditions  of  Stability/  of  thin  Films  of  Liquids  ; 
a  Report  by  Professor  Plateau  on  a  Memoir  by  Professor 
Lamarle  of  Ghenf^. 

IN.  the  Sixth  Series  of  my  researches  "On  the  Figures  of 
Equilibrium  of  a  Liquid  Mass  without  Weight"!,  I  have 
established,  in  part  experimentally  and  in  part  theoretically,  the 
laws  which  relate  to  films  terminating  in  a  common  liquid  edge, 
and  to  liquid  edges  which  meet  at  the  same  liquid  point.  From 
these  laws  I  drew  the  conclusion,  which  I  have  tried  to  confirm 
by  experiment,  that  every  equilibrated  system  of  films  in  which 
they  are  not  fulfilled  is  an  unstable  system,  and  I  ended  this 
series  by  saying : — 

"  I  will  return  once  more  to  systems  of  films,  in  order  to  con- 
sider the  theory  of  them  from  a  more  general  point  of'  view.  In 
fact,  as  I  have  already  observed,  the  liquid  films  of  which  they 
are  made  up  may  be  compared  to  stretched  membranes,  and 
hence  it  will  be  seen  that  each  system  will  arrange  itself  so  that 
the  sum  of  the  surfaces  of  all  its  fdms  will  be  a  minimum.  But 
I  reserve  this  point  for  a  future  Scries." 

In  expressing  myself  thus,  my  intention  simply  was  to  take 
as  examples  certain  particular  systems  of  films,  which  from  their 
simplicity  are  capable  of  being  made  the  subjects  of  direct  cal- 
culation, and  to  show  that  the  sum  of  the  surfaces  of  the  films  is 
a  minimum  relatively  to  some  one  mode  of  deformation  ;  but  1 
had  no  intention  of  treating  the  problem  in  all  its  generality,  for 
I  did  not  consider  it  practicable  to  do  so.  I  perceived  that  there 
must  exist  a  necessary  connexion  between  the  principle  of  the 
minimum  sum  of  the  areas  and  my  laws ;  but  I  could  not  seize 
the  precise  nature  of  this  connexion,  and  it  ccemed  to  me  next 
to  impossible  to  do  so.   All  these  difficulties,  1  owever,  have  been 

*  Comnivinicateil  by  Professor  Plateau,  from  the  Bulletin  de  VAcademie 
oyale  de  Belgiqne,  2^  scr.  vol.  xvii.  No.  6. 
"t  Phil.  Mag.  S.  4.  vol.  xxiv.  p.  128. 
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overcome  with  wonderful  sagacity  and  rare  good  fortune  by  M, 
Lamarle. 

He  begins  by  establishing,  more  definitely  than  I  had  done,  the 
above-mentioned  principle  of  the  minimum ;  and  then,  starting 
from  this,  he  discusses  the  case  of  films  meeting  at  the  same 
liquid  edge.     He  supposes  any  number  of  plane  films  starting 
from  solid  edges  and  all  uniting  in  one  common  liquid  edge,  and 
imagines  the  whole  cut  by  a  plane  perpendicular  to  this  latter. 
The  section  consists  of  straight  lines  starting  respectively  from 
fixed  ])oints  and  all  meeting  at  the  same  point ;  and  he  shows 
first,  by  elementary  geometrical  considerations,  that  if  the  straight 
lines  are  three  in  number,  their  sum  will  be  a  minimum  when 
they  make  equal  angles  with  each  other.     If  the  straight  lines 
are  more  numerous,  he  shows,  by  considerations  equally  simple, 
that,  in  order  that  their  sum  may  be  the  smallest  possible,  the 
single  point  of  junction  must  be  replaced  by  several  points  con- 
nected together  by  additional  straight  lines  in  such  a  way  that 
at  each  of  these  points  there  are  only  three  straight  lines  making 
equal  angles  Avith  each  other.     Lastly,  the  diminution  in  the  sum 
of  the  straight  lines  beginning  with  the  commencement  of  these 
moditications  (that  is  to  say,  for  example,  in  the  case  of  there 
being  more  than  three  straight  lines,  as  soon  as  the  point  of 
junction   divides  so  as  to   give  rise   to  new  straight  lines  and 
points),  it   follows  that   the   demonstration   applies  equally   to 
curved  lines,  for  these  may  always  be  replaced  by  their  tangents 
in  the    immediate    neighbourhood    of   the    point    of  junction. 
M.  Lamarle  then  shows  that  all  these  results  extend  to  the  films 
themselves,  all  of  which,  whether  plane  or  curved,  are  cut  by  the 
plane  in  question;  that  is  to  say,  the  minimum  of  the  sum  of 
the  areas  i-equires  that  these  films  should  meet  three  by  three 
imder  equal  angles  in  each  liquid  edge. 

My  first  law — namely,  that  in  every  stable  system  of  liquid 
films  more  than  three  films  never  meet  in  the  same  edge,  and 
that  these  always  make  equal  angles  with  each  other — is  thus 
completely  demonstrated,  and  appears  as  a  consequence  of  the 
principle  of  the  minimum. 

M.  Lamarle  next  considers  the  question  of  liquid  edges  meet- 
ing at  the  same  liquid  point.  Li  dealing  with  it,  he  supposes  a 
number  of  plane  liquid  films  all  meeting  at  the  same  point  in  the 
interior  of  the  system,  and  he  investigates  the  conditions  which 
these  films  must  satisfy  in  order  that  they  may  meet  three  by 
three, forming  equal  angles  with  each  other,  conformably  with  the 
foregoing  law.  He  considers  the  point  which  is  common  to  all  the 
planes  as  the  centre  of  a  sphere,  which  is  therefore  cut  by  them 
along  arcs  of  great  circles :  we  have  thus  a  number  of  hollow 
pyramids  whose  summits  lie  in  the  same  point,  and  whose  bases 


208     On  the  Con,ditions  of  Stability  of  thin  Films  ofLiq  ids. 

are  spherical  polygons  having  angles  of  120°  exclusively.  M. 
Lamarle  points  out  in  the  first  place  that  these  polygons  can 
only  be  either  triangles,  four- sided  figures,  or  pentagons,  and 
hence  he  derives  one  analytical  relation  between  the  respective 
numbers  of  these  several  kinds  of  polygons  and  the  total  number 
of  films ;  a  second  relation  he  finds  in  the  fact  that  the  sum  of 
the  surfaces  of  all  the  polygons  must  make  up  the  whole  surface 
of  the  sphere ;  lastly,  these  polygons  must  all  be  in  simple  juxta- 
position, without  encroaching  upon  each  other  in  some  places 
and  leaving  empty  spaces  at  other  places.  From  these  three 
conditions,  M.  Lamarle  deduces  that  there  are  only  seven  possi- 
ble combinations  of  films  starting  from  the  same  point,  and 
joined  together  three  by  three  under  equal  angles. 

If,  in  each  of  these  combinations,  the  sides  of  the  spherical 
polygons  are  replaced  by  their  chords,  we  have  the  edges  of  a 
complete  polyhedron,  and  the  seven  polyhedrons  thus  formed 
are, — the  regular  tetrahedron;  the  right  triangular  prism  with 
equilateral  base,  the  height  being  in  a  determinate  ratio  to  the 
length  of  the  side  of  the  base;  the  cube;  the  right  pentagonal 
prism  with  regular  base,  the  height  being  in  a  determinate  ratio 
to  the  length  of  the  side  of  the  base ;  two  peculiar  polyhedrons 
made  up  of  four-sided  figures  and  pentagons;  and,  lastly,  the 
regular  dodecahedron.  In  these  polyhedrons  the  numbers  of 
liquid  edges  are  4,  6,  8,  10,  12,  16,  and  20  respectively. 

Now  M.  Lamarle  proves  that  for  each  of  these  systems  of 
films,  except  that  of  the  regular  tetrahedron,  it  is  possible  to 
conceive  such  a  mode  of  displacement  that,  from  its  commence- 
ment up  to  a  certain  limit,  a  diminution  of  the  sum  of  the  areas 
of  the  films  will  result  from  it :  the  system  of  the  regular  tetra- 
hedron, in  which  not  more  than  four  liquid  edges  meet  at  the 
same  liquid  point,  and  make  equal  angles  with  each  other,  is 
therefore  the  only  one  of  these  which  can  be  stable.  Hence, 
when  the  films  are  plane,  the  liquid  edges  which  meet  at  any  one 
liquid  point  are  necessarily  four  in  number  and  make  equal 
angles  with  each  other.  Lastly,  M.  Lamarle  shows  that  the  same 
conclusion  applies  to  curved  films,  and,  by  consequence,  to  curved 
edges;  there  is,  in  fact,  no  limit  to  the  smallness  which  the 
above-mentioned  sphere  may  be  conceived  to  have,  and  hence  we 
are  free  to  conceive  of  it  as  so  minute  that  the  portions  of  the 
films  contained  within  it  may  be  regarded  as  plane. 

My  second  law — namely,  that  in  eveiy  stable  system  of  liquid 
films  the  number  of  liquid  edges  meeting  in  any  one  liquid  point 
is  always  four,  and  that  they  make  equal  angles  with  each  other 
— is  thus  demonstrated  by  M.  Lamarle  as  completely  as  the  first, 
and  like  it,  is  deduced  from  the  principle  of  the  minimum. 

It  may  be  added  that  the  modes  of  displacement  supposed  by 
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M.  Lamarle,  and  which,  by  an  ingenious  way  of  treating  them, 
he  is  able  to  ret'er  all  to  the  same  princijile  are  exactly  those 
which  lead  to  the  real  results  obtained — to  those,  that  is,  given 
by  the  experiments  with  the  skeletons  of  iron  wire. 

To  sum  up,  M.  Lamarle  has  solved  questions  which  seemed 
extremely  difficult,  and  his  investigation  is  an  important  conti'i- 
bution  towards  a  complete  theory  of  liquid  films. 


XXV.   On  some  Effects  produced  by  a  Fluid  in  Motion. 
By  George  F.  Rodwell,  F.C.S.^- 

[With  a  Plate.] 
No.  II.   On  the  Trompe. 

A  STREAM  of  water  falling  through  a  tube  may,  under  cer- 
tain conditions,  be  caused  to  carry  down  air  with  it,  which 
air,  when  removed  from  the  direct  influence  of  the  stream,  is  able 
in  virtue  of  its  small  specific  gravity  compai-ed  with  water, to  sepa- 
rate itself  therefrom,  and  maybe  collected  and  employed  for  any  of 
the  purposes  for  which  a  blast  of  air  is  requisite.  An  arrange- 
ment for  producing  a  blast  by  the  above  means  has  been  in  use 
for  the  last  200  years,  and  is  known  as  a  trompe. 

I. 

Baptista  Porta  is  said  to  have  invented  a  machine  for  pro- 
ducing wind  by  the  flow  of  water ;  but  among  the  numerous 
hydraulic  machines  which  he  figures  in  his  work,  entitled  '  I  tre 
Libri  de^  Spiritali'  (1606),  I  am  unable  to  find  one  which  bears 
the  least  resemblance  to  a  trompe;  neither,  so  far  as  I  am  aware, 
is  the  trompe  mentioned  in  the  '  Mechanica  Hydraulico-Pneuma- 
tica^  of  Gaspar  Schottus,  nor  in  the  '  Mundus  Subterraneus '  of 
Athanasius  Kircher,  although  the  latter  was  well  acquainted  with 
the  discovery. 

Grignont  states  that  the  trompe  was  discovered  in  Italy  about 
the  year  1640,  but  he  gives  no  authority  for  the  assertion.  The 
earliest  account  of  the  invention  which  I  have  been  able  to  find 
is  in  a  work  by  Father  Jean  Franyois,  published  in  1655  J,  in 
which  there  is  a  section  entitled  "  Du  Meslange  des  Eaux  avec 
I'Air,  et  d'une  invention  pour  exciter  un  vent  irapetueux."  In 
this  section  Fran9ois  states  that  it  had  been  recently  discovered 
that  water  is  capable  not  only  of  dragging  along  with  it  terres- 
trial bodies,  but  also  air ;  and  that  an  arrangement  for  supply. 

*  Communicated  by  the  Author. 

+  Memoires  de  Physique  sur  Vart  de  fabriquer  le  fer,  d'enfondre  et 
forger  des  canons  d'artillerie,  &c.     Paris,  1775. 

I  Les  Sciences  des  Eaux,  qui  explique  en  quatre  parties  leur  formation, 
communication,  mouvemens,  et  meslanges. 
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ing  furnaces  with  air  by  this  means  had  been  invented,  and  was 
extensively  used.  Although  a  new  invention,  it  was  at  this  time 
(1655)  used  in  Germany  and  Italy,  and  in  more  than  a  hundred 
places  in  Dauphiny. 

The  machine  described  by  Franyois  consisted  of  a  channel  or 
trough  in  which  water  was  caused  to  flow  in  a  horizontal  direc- 
tion ;  from  the  bottom  of  the  trough  two  vertical  tubes  proceeded, 
and  the  lower  extremity  of  each  passed  into  a  wooden  tub  fur- 
nished with  an  outlet  for  water,  and  a  tube  near  its  upper  part 
for  the  exit  of  air  :  within  each  tub,  and  immediately  beneath 
the  lower  extremity  of  the  tube  which  entered  it,  a  large  convex 
stone  was  placed  in  order  to  break  the  fall  of  the  water ;  the 
upper  extremity  of  each  tube  near  its  juncture  with  the  trough 
was  enlarged  and  of  a  conical  form,  but  in  some  forms  of  the 
machine  the  tu])es  had  holes  pierced  in  their  circumference  for 
the  purpose  of  giving  freer  access  to  the  air.  Francois  mentions 
that  Kirchcr  assured  him  that  he  had  seen  more  than  forty  of 
these  machines  with  tubes  in  jin  inclined  position. 

In  the  first  volume  of  the  Philosophical  Transactions  (1665) 
there  is  a  short  description*,  accompanied  by  a  figure  of  a 
water-blowing  machine  used  in  Italy.  A  stream  of  water  is 
represented  flowing  through  a  large,  vertical,  rectangular  tube, 
midway  between  the  top  and  bottom  of  which  there  is  a  pipe 
for  conveying  the  blast  to  a  furnace;  but  the  machine  is  evi- 
dently wrongly  figured  and  described,  for  it  is  impossible  that  a 
current  of  air  could  be  produced  by  such  an  arrangement. 

In  the  43rd  volume  of  the  Philosophical  Transactions  there  is 
a  paper  (read  March  1741-15)  by  a  Mr.  James  Stirling, 
entitled  "  A  Description  of  a  Machine  to  blow  fire  by  the  fall  of 
Water. ^'  This  machine  was  a  modified  form  of  that  described 
by  Francois ;  it  consisted  of  a  large  funnel  5  feet  high,  from 
the  apex  of  which  proceeded  a  tube  from  14  to  16  feet  long; 
the  lower  extremity  of  the  tube  passed  into  a  vessel  5|  feet  dia- 
meter, provided  with  a  tube  for  the  exit  of  the  air  carried  down, 
and  also  with  an  outlet  for  water ;  four  orifices  were  made  in  the 
circumference  of  the  tube  just  beneath  its  juncture  with  the 
funnel. 

From  the  fact  of  this  paper  having  been  read  before  the  Royal 
Society,  it  would  appear  that  the  trompe  was  but  little  known 
in  England  even  a  hundred  years  after  its  invention ;  but  that 
this  was  the  case  is  scarcely  to  be  wondered  at  when  we  remem- 
ber that  such  a  machine  can  only  be  used  with  advantage  in 

*  Extract  of  a  letter  lately  written  from  Venice  by  the  learned  Doctor 
Walter  Pope,  to  the  Reverend  Dean  of  Rippou,  Doctor  John  Wilkins,  con- 
cerning the  Mines  of  Mercury  in  Friuli ;  and  a  wa}'  of  producing  wind  by 
a  fall  of  water. 
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mountainous  countries!,  where  small  streams  of  water  with  a  con- 
considerable  fall  abound.  The  trompe  described  by  Mr.  Stirling 
was  used  in  a  Scottish  lead  mine. 

I  am  not  aware  when  the  water-blowing  machine  was  first 
called  a  trompe  ;  in  neither  the  account  given  by  Fran^-ois,  nor 
in  Dr.  Pope's  letter  is  the  word  employed,  and  nearly  a  hundred 
years  later  Mr.  Stirling  gives  no  name  to  the  machine ;  but  it 
was  called  a  trompe  in  France  long  before  his  paper  was  pub- 
lished. 

Grignon*  writes  as  follows  :  "  Les  trompcs  ont  tire  leurs  noms 
de  ces  meteores  qui  portent  Ic  menie  nom,  et  dont  il  y  a  deux 
sortes,  I'une  marine  et  Pautre  terrestre :  celle  qui  se  forme  sur 
mei*  est  une  colonne  d'eau  immense,  enlevee  par  la  violence  du 
vent;  et  celle  que  I'on  voit  sur  terre  est  forraee  par  une  tour- 
billon  de  vent  dont  le  mouvement  est  determine  par  les  mon- 
tagnes;  ce  tourbillon  enveloppe  un  nuage,  Ic  comprime  et  en 
forme  une  colonne  composee  d'air  et  d'eau  qui  se  precipite  sur 
la  surface  de  la  terre  ou  se  brise  contre  un  rocher." 

The  Italian  tromha,  French  tromhe,  signifies  a  pump,  an  ele- 
phant's trunk,  and  a  trumpet,  as  well  as  a  waterspout :  the 
Spanish  trompa  signifies  a  trumpet,  an  elephant's  trunk,  and  a 
large  top.  Prof.  jNIax  jNIiiller  informs  me  that  trompe  is  the  old 
French  form  of  trombe,  and  that  Dicr,  in  bis  'Lexicon  Etymo- 
logicum,'  derives  trombe  in  the  sense  of  trumpet  from  the  Latin 
tuba,  the  insertion  of  the  r  being  warranted  by  the  analogy  of 
tronar  instead  of  tunar. 

Landais,  in  his  '  Uictionnaire  des  Dictionnaires,'  derives  trombe 
in  the  sense  of  waterspout  from  (TTp6/j,f3o<i.  Now  aTp6/j,/3o<; 
means  a  top,  a  spindle,  a  round  shell,  and  is  derived  from 
(TTpe(f)(o,  to  turn,  twist,  revolve.  I  will  not  pretend  to  decide 
whether  (adopting  Dier's  derivation)  a  trumpet  and  a  waterspout 
were  called  by  the  same  word  on  account  of  their  being  tubiform 
or  whether  the  trumpet  was  so  named  from  the  fact  of  its  beiiio- 
the  first  musical  instrument  with  a  straight  tubef,  and  the  water- 
spout afterward  suamed  from  its  trumpet-shape;  or  whether 
(adopting  Landais's  derivation,  and  this  seems  to  me  the  most 
plausible)  the  waterspout  was  first  called  a  trombe  (from 
OTpecjjo})  ;  the  trumpet  and  elephant's  trunk  from  their  iDcino- 
shaped  like  a  waterspout ;  the  top  from  its  rotatory  motion;  and 
the  pump  from  the  fact  of  water  being  apparently  drawn  up  in 
it,  in  the  same  way  that  it  is  drawn  up  in  a  watei'spout. 

I  conceive  the  water-blowing  machine  received  the  same  name 
as  a  waterspout,  either  because  of  the  mixed  column  of  air  and 
water  produced  in  certain  forms  of  the  machine,  or,  more  pro- 

*  In  the  work  cited  above. 

t  Tuba  meant  originally  a  straight  tube,  as  opposed  to  cornu. 
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bably,  from  the  whirling  motion  of  the  water  around  a  conical 
cavity,  which,  as  we  shall  see  hereafter,  is  produced  in  the  trough 
of  machines  similar  to  that  mentioned  by  Fran9ois,  and  in  ail 
machines  with  inclined  tubes  :  in  both  these  respects  there  is  a 
resemblance  to  a  waterspout. 

Several  modifications  of  the  trompe  have  been  constructed 
snice  its  first  invention,  the  main  difference  consisting  in  the 
way  in  which  air  is  allowed  to  enter  the  tube  :  thus  there  is 
the  trompe  without  orifices  for  the  admission  of  air,  as  in  that  de- 
scribed by  Fran9ois,  and  in  the  trompe  mentioned  by  Mariotte 
(in  his  Traite  du  Mouveinent  des  Eaux),  in  which  latter  modifi- 
cation a  blast  is  produced  by  a  stream  of  water  falling  from  a 
height  of  10  or  12  feet  into  a  funnel  which  communicates  by 
a  vertical  tube  with  a  vessel  for  collecting  the  air  carried  down ; 
or,  again,  there  may  be  orifices  in  the  tube,  as  in  the  trompe 
described  by  Mr.  Stirling,  and  in  that  now  used;  or  air  may  be 
admitted  by  two  small  tapering  tubes  which  enter  the  trompe 
tube  just  below  its  juncture  with  the  water-cistern,  and  pass 
upwards  through  the  water  therein  till  they  reach  the  air :  this 
latter  arrangement  was  much  used  formerly. 

The  modern  trompe  consists  of  a  large  cistern  in  which  there 
is  a  constant  depth  of  from  4  to  6  feet  of  water ;  from  the  bot- 
tom of  the  cistern  proceed  two  tubes  from  20  to  30  feet  long, 
the  lower  extremities  of  which  pass  into  a  wooden  wind-chest 
furnished  wuth  an  arrangement  for  keeping  the  water  at  a  certain 
level,  so  that  no  air  can  escape  except  by  a  blast  pipe  in  the 
upper  part  of  the  chest :  beneath  the  lower  extremity  of  each  tube 
there  is  a  flat  iron  plate  to  break  the  fall  of  the  descending  water. 
The  upper  part  of  each  tube  is  contracted  at  the  point  where  it 
joins  the  cistern,  and  immediately  beneath  the  contracted  part 
four  holes  are  made  in  the  circumference  of  the  tube.  When 
water  is  allowed  to  flow  from  the  cistern  into  the  air-chest,  a 
quantity  of  air  is  carried  down  with  it,  and  a  perfectly  regular 
and  constant  current  of  air  issues  from  the  blast  pipe. 

II. 

I  have  endeavoured  in  this  paper  to  ascertain  the  most  favour- 
able conditions  under  which  air  is  carried  down  by  a  stream  of 
w^ater,  and  to  arrive  at  a  satisfactory  explanation  of  the  cause 
of  the  descent  of  air  in  the  different  modifications  of  the  trompe. 

In  a  former  paper  *  I  have  given  an  account  of  some  experi- 
ments made  with  a  view  of  determining  the  quantity  of  air  car- 
ried down  by  a  known  amount  of  water ;  but  as  the  method  there 
employed  was  scarcely  so    satisfactory  as  could  be  desired,   I 

*  "On  some  Effects  produced  by  a  Fluid  in  Motion,"  No.  I.,  Philo- 
sophical Magazine  for  January  1864. 


produced  hy  a  Fluid  in  Motion.  213 

subsequently  devised  the  apparatus  of  which  the  following  is 
a  description. 

A,  Plate  III.  fig.  1,  is  a  conical  glass  vessel  closed  above 
and  below  by  corks  ;  through  the  upper  cork  passes  a  glass 
tube  B,  24  inches  long  and  ^,\ths  of  an  inch  internal  diameter; 
3  inches  of  B  are  within  the  vessel  A,  and  a  scale  of  inches  is 
attached  to  that  part  of  B  outside  A ;  a  tube  C,  T^ths  of  an  inch 
diameter,  communicating  with  the  interior  of  A,  is  bent  twice  at 
right  angles,  and  passes  into  a  circular  glass  vessel  D,  which 
has  a  scale  of  inches  attached  to  it,  and  is  provided  with  a  stop- 
cock E.  A  tube  F  of  small  diameter  communicates  with  the 
interior  of  A  both  above  and  below ;  a  scale  is  attached  to  it, 
and  by  it  the  absolute  level  of  water  in  A  is  shown ;  through 
the  lower  cork  of  A  passes  a  stopcock  Gr.  H  is  a  glass  tube 
communicating  with  the  water-cistern  by  means  of  a  caoutchouc 
tube,  1 1 1  ;  a  similar  caoutchouc  tube,  K  K,  is  connected  with  the 
stopcock  G,  and  the  two  tubes  are  brought  together  and  can  be 
closed  or  opened  simultaneously  by  the  spring  clip  L.  A  half- 
litre  flask,  M,  collects  the  air  which  is  carried  down  by  the 
descending  stream.  The  dotted  lines  a,  b,  c,  d,  e  show  the  dif- 
ferent levels  at  which  water  was  caused  to  remain  constant  in  A 
during  separate  experiments. 

The  water-cistern  was  about  8  feet  from  the  apparatus,  and 
the  water  within  it  was  kept  at  a  constant  level  of  2  feet  above 
the  orifice  of  the  delivery-tube  H.  The  caoutchouc  tube,  III, 
was  of  such  diameter  that  it  delivered  half  a  litre  of  water  in  16 
seconds  at  the  height  of  the  tube  H. 

In  order  to  prepare  the  apparatus  for  an  experiment,  water 
is  placed  in  the  vessels  A  and  D  to  the  level  required  in  each ; 
the  flow  from  H  is  determined,  and  the  orifice  of  H  is  then 
brought  on  a  level  with  that  of  the  tube  B,  and  so  placed  that 
when  water  is  flowing,  it  passes  exactly  down  the  axis  of  B. 
The  efflux  from  H  remaining  constant,  the  efflux  fi'om  A  is 
made  equal  to  it ;  this  is  done  by  keeping  the  eye  on  the  scale  of 
r  and  turning  the  stopcock  G  until  the  water-column  in  F 
remains  perfectly  immoveable  at  the  desired  level ;  the  caout- 
chouc tubes  III  and  K  K  are  then  brought  together  at  one 
point,  and  are  closed  by  the  spring  clip  L ;  finally,  the  half-litre 
flask  M  is  filled  with  water,  and  inverted  over  the  orifice  of  the 
tube  C.  A  watch,  suspended  behind  a  large  lens,  is  placed  in 
such  a  position  that  the  eye  can  observe  both  it  and  the  level  of 
water  in  D  with  as  little  difficulty  as  possible.  Immediately 
before  an  experiment,  the  spring  clip  L  is  removed  from  the  two 
caoutchouc  tubes,  and  they  are  kept  closed  by  the  thumb  and 
forefinger  of  the  left  hand  so  as  to  be  capable  of  instant  and 
simultaneous  release ;  the  right  hand  is  placed  on  the  stopcock 
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E,  and  the  eyes  are  fixed  on  the  second  hand  of  tlie  watch  j  at 
a  certain  second  the  caoutchouc  tubes  are  released  at  L,  E  is 
simultaneously  turned,  and  the  level  kept  constant  in  I)  during 
the  experiment;  when  the  half-litre  flask  M  is  full  of  air,  the 
caoutchouc  tubes  are  simultaneously  closed  and  the  exact  second 
noted.  By  repeatinji'  this  several  times,  we  determine  the  time 
to  a  part  of  a  second  requited  by  a  stream  of  water  flowing  at  a 
known  rate  to  carry  down  half  a  litre  of  air  under  the  conditions 
of  the  experiment. 

It  is  obviously  necessary  that  the  level  in  A  shorJd  remain 
perfectly  constant  during  an  experiment — that  is  to  say,  that  the 
influx  and  efflux  should  be  equal;  for  if  the  efliux  from  A  be 
greater  th-an  the  influx,  less  than  the  real  amount  of  air  carried 
down  will  make  its  appearance  in  AI ;  if,  on  the  contrary,  the 
influx  be  greater  than  the  efflux,  more  than  the  real  amount  of 
air  carried  down  will  appear  in  ]\I :  it  is  also  necessary  to  keep 
the  level  in  ])  constant,  otherwise  the  jn-essure  on  the  orifice  of 
C,  and  consequently  on  the  air  in  A,  will  vary.  It  is  difficult 
to  cause  the  descending  current  of  .water  to  pass  exactly  down 
the  axis  of  the  tube  B,  and  a  very  slight  variation  from  that 
position  greatly  diminishes  the  amount  of  air  carried  down  ; 
when  perfectly  in  the  axis,  a  peculiar  roughness  is  added  to  the 
roaring  sound  produced;  but  in  order  to  remove  any  possible 
source  of  error  from  this  cause,  the  amount  of  air  carried  dovvu 
by  the  stream  from  each  delivery-tube,  under  certain  known 
conditions,  when  the  stream  passed  absolutely  down  the  axis  of 
B  was  determined,  and  before  each  set  of  experiments,  the  same 
conditions  were  made  to  obtain,  and  the  delivery-tube  adjusted 
until  the  standard  amount  of  air,  previously  found  to  be  carried 
down  under  those  conditions,  was  carried  down,  when  (the  stream 
being  known  to  be  in  the  exact  axis  of  B)  any  other  conditions, 
as  to  pressure  &c.,  not  involving  the  removal  of  the  delivery- 
tube  could  be  made  to  obtain.  Great  care  was  taken  that  the 
whole  apparatus  should  be  perfectly  vertical  before  each  set  of 
experiments,  and  the  whole  was  made  as  immoveable  as  possible. 

It  may  be  considered  unnecessary  to  give  these  details  of  ex- 
periment, but  I  am  well  aware  that  results  are  often  doubted 
because  their  author  has  neglected  to  state  the  exact  method  by 
which  he  obtained  them. 

Before  giving  the  results  obtained  by  the  apparatus  described 
above,  it  will  be  as  well  to  consider  some  facts  connected  with  a 
water-jet. 

A  jet  of  water  moving  with  considerable  velocity  from  above 
downwards  is  observed  to  widen  gradually  as  it  gets  further  from 
a  point  just  below  the  orifice  from  which  it  issues ;  and  at  a  cer- 
tain distance  from  the  orifice  the  velocity  of  the  particles  becomes 
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so  greatly  accelerated  by  gravity,  that  the  cohesion  of  two  con- 
tiguous cross  sections  of  the  jet  is  destroyed,  and  the  jet,  ceasing 
to  be  continuous^  breaks  up  into  separate  masses  of  water.  We 
observe,  moreover,  that  when  the  continuity  begins  to  be  broken, 
particles  of  water  are  thrown  out  from  the  centre  stream  and 
move  downwards  in  a  gradually  diverging  line  inclined  at  a  small 
angle  to  the  main  stream.  Now  when  such  a  stream  passes 
downwards  throiigli  a  long  vertical  tube,  the  area  of  the  cross 
section  of  which  is  not  many  times  as  great  as  that  of  the 
orifice  from  which  the  stream  issues,  we  find  that  at  a  certain  dis- 
tance from  the  orifice  the  quantity  of  spray  thrown  off  from  the 
stream  wliicli  reaches  the  sides  of  the  tube  is  so  great  that,  by 
the  adhesion  of  the  water-particles  to  the  glass,  the  whole  stream 
is  dragged  to  the  sides  of  the  tube;  it  is  not,  however,  dragged 
to  one  side  of  the  tube,  as  would  be  the  case  if  the  jet  were  not 
perfectly  vertical,  but  it  is  evenly  and  equally  spread  out  in  a 
dome  shape,  and  for  the  rest  of  its  course  tlows  as  a  tube  of  water. 
If  the  lower  orifice  of  the  tube  through  which  it  flows  is  perfectly 
free,  the  water  as  it  passes  out  forms  a  long  conical  bag  filled 
with  air. 

Above  the  point  where  the  jet  is  spread  out  by  the  adhesion 
of  the  glass  there  is  a  good  deal  of  spray ;  and  although  it  is 
insufficient  to  drag  the  jet  to  the  sides  of  the  tube,  it  accumu- 
lates ;  the  tube  is  thus  narrowed  at  certain  points,  and  disks  of 
water  are  formed  which  are  pushed  down  by  the  stream  above 
and  force  down  air  beneath  them  :  at  the  moment  of  the  forma- 
tion of  a  disk  the  conical  bag  of  water  at  the  end  of  the  tube  is 
expanded  laterally  by  the  air  forced  into  it,  and  bursts,  deliver- 
ing up  its  contents;  this  bursting  occurs  with  great  rapidity 
under  certain  conditions. 

The  pressure  on  the  lower  orifice  of  the  vertical  tube  through 
which  the  stream  passes  also  tends  to  the  foi-mation  of  disks, 
because  the  descending  masses  of  water  will  have  a  tendency  to 
be  flattened  out  by  the  air  beneath  them ;  the  greater  the  pres- 
sure, the  higher  within  certain  limits  will  disks  be  formed ;  but 
the  quantity  of  air  forced  down  will  be  less,  because  the  chance 
of  the  rupture  of  the  disks  will  be  increased;  and  when  this 
occurs,  the  air  beneath  them  escapes  upwards  between  the  de- 
scending stream  and  the  sides  of  the  tube.  The  formation  of 
disks  can  only  hapj^en  below  a  certain  point,  because  the  stream 
above  that  point  ceases  to  be  sufficiently  broad  to  allow  of  their 
being  produced ;  the  point  varies  with  the  nature  of  the  stream, 
the  relative  dimensions  of  the  tube  and  of  the  oriflce  from  which 
the  stream  flows,  and  with  the  pressure  on  the  lower  orifice  of 
the  tube. 

If  a  stream  is  very  small  compared  with  the  tube  through 


316  Mr.  G.  F.  Rodwell  on  the  Effects 

which  it  passes,  or  if  there  is  sufficient  pressure  on  the  orifice  of 
the  tube  to  support  a  column  of  water  at  a  height  in  the  tube 
above  that  at  which  the  stream  is  sufficiently  broad  to  allow 
disks  to  be  formed,  the  stream  meets  the  water  surface  in  direct 
collision,  and  air  is  then  undoubtedly  carried  down,  for  the  reason 
pi'oposed  by  Prof.  Magnus*.  This  physicist  observed  that  small 
solid  bodies,  if  allowed  to  fall  into  water,  produce  a  cavity  of 
greater  or  less  depth,  into  which  air  enters  ;  and  the  water,  if  the 
particles  at  its  surface  possess  any  inotion  (which  they  must  do 
from  the  disturbance  caused  by  the  falling  body),  unites  over  the 
cavity  and  thus  air  is  enclosed.  Magnus  conceives  that  a  water- 
jet  falling  into  water  acts  in  a  precisely  similar  manner,  the  de- 
tached masses  of  water  forming  cavities  like  solid  bodies.  We 
have  a  frequent  example  of  this  action  of  detached  fluid  masses : 
if  we  wish  to  pour  out  beer  so  that  it  shall  have  no  froth,  we 
pour  it  down  the  side  of  the  glass,  the  adhesion  of  which  flat- 
tens the  stream  into  a  ribbon,  and  it  enters  the  fluid  in  the  glass 
slowly  :  there  is  no  falling  of  detached  masses  here,  consequently 
no  air  is  carried  down ;  on  the  other  hand,  if  we  wish  to  produce 
froth,  we  pour  out  the  beer  from  as  great  a  height  as  possible, 
and  the  masses  detached  by  the  accelerating  force  of  gravity 
carve  out  channels  in  the  liquid,  into  which  air  enters  and  is  car- 
ried down,  and  afterwards  rises  to  the  surface  in  bubbles. 

Richardt  states  that  a  M.  ]\Iercadier  constructed  artificial 
trompes  in  which  sand,  wheat,  rye,  millet,  salt,  mercury,  and  lead 
shot  were  severally  caused  to  fall  into  water  in  place  of  a  descend- 
ing stream  of  that  liquid,  and  a  considerable  blast  of  air  was 
obtained  thereby. 

The  quantity  of  air  carried  down  by  a  solid  body  falling  into 
water  is  very  surprising.  I  took  small  lead  shot  about  j^^h  of 
an  inch  diameter,  and  weighing  -072  gramme  apiece,  and  threw 
them  one  at  a  time  from  a  height  of  about  a  foot  and  a  half 
into  a  vessel  containing  water  to  a  depth  of  6  inches ;  in  order 
to  collect  the  air,  a  wide-mouthed  vessel  was  filled  with  water, 
inverted,  and  placed  with  its  mouth  near  the  water-surface  in  the 
vessel  into  which  the  shot  was  thrown.  By  tbi'owing  in  a  shot 
at  an  angle  of  about  60  degrees,  and  as  near  as  possible  to  the 
edge  of  the  inverted  vessel,  the  air  carried  down  could  be  collected, 
and  I  thus  found  that  the  lead  shot  caused  no  less  than  190 
times  its  own  bulk  of  air  at  18°  C.  to  penetrate  beneath  the 
water.  The  same  shot  falling  by  its  own  weight  from  a  height 
of  4  feet  into  6  inches  of  water  appeared  to  carry  down  quite  as 
much  air,  but  in  this  case  it  is  obvious  the  amount  could  not  be 
determined. 

♦  "On  the  Motion  of  Fluids,"  Phil.  Mag.  for  January  1851,  p.  8. 
t  Etudes  sur  Vart  d'extraire  immidiatement  le  Fer  de  ses  Minerals  sans 
convertir  le  m^tal  enfonte,     Paris,  1838. 
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No  one  who  has  fired  a  g'un  into  water  can  have  failed  to 
observe  the  numberless  bubbles  of  air  which  rise  to  the  surface 
for  a  few  seconds  after  the  penetration  of  the  shot.  Each  shot 
ploughs  for  itself  a  channel,  into  which  air  enters,  is  enclosed  by 
the  water,  and  penetrates  to  a  greater  or  less  depth  according  as 
the  velocity  of  the  shot  is  considerable  or  otherwise. 

Let  us  now  pass  on  to  the  experiments  made  with  the  appa- 
ratus described  above. 

The  number  of  seconds  required  by  half  a  litre  of  water  to 
flow  from  the  delivery-tube  H,  and  the  number  of  seconds 
required  by  that  water  to  carry  down  half  a  litre  of  air,  being 
determined  in  the  manner  stated  above,  the  number  of  cubic 
centimetres  of  air  carried  down  by  half  a  litre  of  water  could 
obviously  be  readily  calculated.  Each  of  the  results  given  below 
is  the  mean  of  several  determinations — generally  of  ten,  except 
in  those  cases  in  which  four  or  five  consecutive  determinations 
gave  absolutely  similar  results. 

Circular  delivery-tube   (II,  fig.   1)    2^,,ths  of  an   inch   internal 
diameter.      (The  comparative  dimensions  cff  the  delivery-tube 
and  the  vertical  tube  B  are  shown  full  size  at  A,  fig.  2.) 
Flow  =  half  a  litre  of  water  in  24  seconds. 


Level  of  water  main- 
tained constant  in  A 
during  the  experiment. 

Depth  of  water 
maintained  con- 
stant in  U  during 
the  experiment. 

Order  of 
experi- 
ments. 

Quantity  of  air 
carried  down  bj' 

li.alf  a  litre  of 

water  when  the 

orifice  of  the  tube 

delivering  the  air 

(C-,  fig.  I) 

=^>i-thsof  an 

inch  in  diam. 

Order  of 
experi- 
ments. 

Quantity  of  air 
carried  down 
when  the  orifice 
ot  the  tube  deli- 
vering the  air 
(f,  fig.  1) 
=  y_th  of  an 

inch  in  diam. 

At  2  inches  below  "1 

tlie  orifice  of  B   I    1  inch. 

1. 

615  cub.  cent. 

16. 

136  cub.  cent. 

(«.fig-l)    IJ 

At    1    inch   below  T 

the  orifice  of  B   L         ,, 

2. 

615        „ 

17. 

136        „ 

(6,fig.l)    J 

At  the  orifice  of  B  1 

(c.fig.  1)  1;     " 
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In  the  first  and  second  experiments,  in  which  the  resistance 
was  least,  we  see  that  half  a  litre  of  water  carried  down  615 
cubic  centims.  of  air,  a  quantity  (with  one  exception)  more  than 
three  times  as  great  as  that  carried  down  in  any  of  the  other  ex- 
periments given  above.  The  air  escaped  from  C  with  perfect  regu- 
larity, and  the  results  were  very  constant.  In  experiment  3  the 
orifice  of  the  tube  B  (fig.  1)  was  caused  to  touch  the  water-sur- 
face in  the  vessel  A,  and  we  find  a  diminution  of  70  cubic  cen- 
tims. in  the  amount  of  air  carried  down ;  on  further  increasing 
the  resistance  by  causing  B  to  dip  one  inch  under  the  water- 
surface  (exp.  4),  the  quantity  of  air  was  at  once  diminished  to 
201  cubic  centims. ;  the  air-disks  were  now  formed  higher  in 
the  tube,  and  the  air  escaped  from  C  irregularly,  proving  that 
the  disks  were  constantly  broken,  and  that  the  air  beneath  them 
escaped  upwards;  the  highest  of  the  disks  formed  at  15  inches 
from  the  orifice  of  H  ;  the  results  were  less  constant  than  before. 
In  experiment  5  the  air  came  over  still  more  irregularly ;  in 
other  words,  the  disks  were  more  frequently  broken.  In  the 
6th  and  7th  experiments  we  have  obviously  the  same  amount  of 
resistance  as  in  exp.  5,  but  the  orifice  of  B  was  free.  In  expe- 
riment 8  we  have  precisely  the  same  conditions  as  in  exp.  5, 
and  nearly  the  same  amount  of  air  was  carried  down.  In  expe- 
riment 5  the  resistance  was  =  3  inches  of  water,  for  B  dipped 
2  inches  under  water,  and  there  was  1  inch  of  water  in  D. 
So  also  in  experiment  8  the  resistance  was  =  3  inches,  because 
there  were  3  inches  of  water  in  D,  and  the  orifice  of  B  touched 
the  water-surface.  In  experiment  9  there  were  4  inches  of  water 
resistance,  and  in  experiment  10,  5  inches.  In  experiments  11 
and  12  the  resistance  was  obviously  the  same  as  in  experiment  10, 
but  the  oritice  of  B  was  free.  In  experiment  13  we  have  pre- 
cisely the  same  conditions  as  in  the  10th  experiment,  and  the 
same  amount  of  air  was  carried  down.  In  experiments  14  and 
15  there  was  still  greater  itisistance;  the  highest  of  the  disks 
formed  at  13  inches  from  the  orifice  of  H. 

The  conditions  were  now  somewhat  changed,  the  resistance  to 
the  descent  of  air  into  A  being  greatly  increased  in  consequence 
of  the  air  having  to  escape  from  an  orifice  one-eighth  the  size  of 
that  used  in  the  first  fifteen  experiments.  In  the  16th,  17th, 
18th,  and  19th  experiments  the  resistance,  as  judged  of  from 
the  effects  produced  in  the  tube,  was  about  equal  to  that  in  the 
11th  experiment.  In  experiment  20  the  pressure  was  sufficient 
to  keep  a  column  of  water  suspended  in  B  at  an  unvarying  height 
of  11  inches  from  the  orifice  of  H,  and  a  persistent  collision  be- 
tween the  descending  stream  and  the  water-surface  took  place 
at  that  height :  tlie  air  escaped  from  C  in  a  perfectly  regular 
manner,  and  the  results  were  very  concordant,  not  the  least 
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variation  in  the  quantity  of  air  carried  down  being  observable  in 
a  number  of  consecutive  experiments.  In  experiments  21,  22, 
and  23  the  resistance  was  insufficient  to  keep  a  column  of  water 
suspended  in  B,  and  the  disk  action  returned,  the  air  escaping 
from  C  very  irregularly.  In  experiment  21  there  was  persistent 
collision  at  about  11  inches  from  the  orifice  of  H,  and  we  get 
nearly  the  same  result  as  in  experiment  20.  In  experiments 
25,  26,  27,  and  28  the  collision  was  persistent  at  10  inches  from 
the  orifice  of  H,  in  experiment  29  at  9  inches,  and  in  experi- 
ment 30  at  8  inches.  We  see,  therefore,  that  in  the  above  30 
experiments,  air  was  carried  down  by  disk  action  in  22  (viz.  expe- 
riments 1  to  19,  and  21  to  23);  and  by  direct  collision,  accord- 
ing to  the  theory  of  Magnus,  in  8  (viz.  experiments  20  and  24 
to  30). 

The  nearer  the  collision  approached  the  orifice  from  which  the 
jet  issued,  the  less  was  the  quantity  of  air  carried  down ;  and 
when  the  water  in  B  touched  the  orifice  of  H,  air  only  entered 
at  intervals,  and  was  seen  to  force  its  way  through  the  water 
into  the  line  of  the  descending  jet.  This  latter  effect  is  due  to  the 
diminution  of  pressure  in  the  line  of  a  moving  fluid, — an  effect 
which  may  be  shown  by  introducing  a  small  mercury  gauge  into 
the  line  of  a  current  of  liquid  flowing  in  any  direction ;  or  in  a 
more  striking  manner  if  we  allow  a  liquid  to  flow  from  a  delivery- 
tube  A  (fig.  3),  dipping  beneath  the  surface  of  water  in  a  vessel  B, 
and  place  in  the  line  of  the  current  the  lower  orifice  of  a  tube,  C, 
open  at  both  ends.  Air  will  now  be  found  to  force  its  way  into 
the  current  against  the  pressure  of  the  column  of  water  D  E. 

Experiments  with  delivery-tubes  of  various  shapes,  a  constant 
depth  of  1  inch  of  water  being  maintained  in  the  vessel  D. 
Orifice  of  the  tube  delivering  the  air  (C,  fig.  1)  =  e^Tjths  of  an 
inch  diameter.  The  comparative  dimensions  of  the  tube  B 
(fig.  1)  and  the  delivery-tubes  employed  are  shown  in  fig.  2. 

I.  Circular  delivery-tube  y'/oths  of  an  inch  in  diameter  (B,  fig.  2). 
Flow  =  half  a  litre  of  water  in  39  seconds. 


Level  of  water  maintained  constant       Quantity  of  air  carried  down  by 
in  A  during  the  experiment.  half  a  litre  of  water. 


At  1  inch  below  the  orifice  of  B 

(ft.fig.  1). 
At  the  orifice  of  B  {c,  fig.  1). 
At  1  inch  above  the  orifice  of  B 

{d,  fig.  1). 


No  air  was  carried  down. 

211  cubic  centims. 
147    „ 


No  air  was  carried  down  in  the  first  experiment,  because  there 
was  not  sufficient  water  in  the  stream  to  allow  of  the  formation 
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of  a  conical  bag  at  the  bottom  of  the  tube  B,  and  the  air  conse- 
quently escaped  upwards  between  the  sides  of  the  tube  and  the 
descending  stream  ;  but  immediately  the  orifice  of  B  touched  the 
water- surface,  B  was  virtually  closed,  and  the  air  being  unable 
to  escape  upwards  was  carried  over  into  M. 

II.  Rectangular  delivery-tube  y'ij^^s  by  ^Jthsof  an  inch  (C,fig.2). 
Flow  =  half  a  litre  of  water  in  16  seconds. 


Level  of  water  maintained  constant 
in  A  during  the  experiment. 

Quantity  of  air  carried  down  by 
half  a  litre  of  water. 

At  b,  fig.  1. 
„  c,     „ 

615  cubic  centims. 
500      „ 
246      „ 

III.  Rectangular  delivery-tube  ^th  by  j'^th  of  an  inch  (D,  fig.  2). 
Flow  =  half  a  litre  of  water  in  31  "5  seconds. 


Level  of  water  niaintained  constant 
in  A  during  the  experiment. 

Quantity  of  air  carried  down  by 
half  a  litre  of  water. 

At  *,  fig.  1. 

No  air  carried  down. 
298  cubic  centims. 
140     „ 

IV.  Square  delivery-tube  /^'oths  of  an  inch  in  the  side  (E,  fig.  2). 
Flow  =  half  a  litre  of  water  in  16*25  seconds. 


Level  of  water  maintained  constant 
in  A  during  the  experiment. 

Quantity  of  air  carried  down  by 
half  a  litre  of  water. 

At  b,  fig.  1. 

»  c,     „ 

677  cubic  centims. 
665     „          „ 
427     „ 

V.  Triangular  delivery-tube  5  th  of  an  inch  in  the  side  (F,  fig.  2). 
Flow  =  half  a  litre  of  water  in  16*5  seconds. 


Level  of  water  maintained  constant       Quantity  of  air  carried  down  by 
in  A  during  the  experiment.        I  half  a  litre  of  water. 


At  b,  fig.  1. 
M    c,     „ 

„   d,     „ 


7.33  cubic  centims. 
673     „  „ 

402     .. 
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III. 

When  a  fluid  is  flowing  from  an  orifice  in  the  bottom  of  a 
vessel,  it  sinks  steadily  until  within  a  short  distance  of  the  bot- 
tom, when  the  particles  of  water  immediately  over  the  orifice 
begin  to  move  circularly  around  a  centre,  and  a  conical  cavity  is 
formed  extending  from  the  water-surface  to  a  greater  or  less 
depth  into  the  issuing  stream.  This  cavity,  according  to  M. 
Laroque*,  begins  to  be  formed  "  quand  la  vitesse  angulaire  est 
devenue  suffisamment  grande  pour  que  la  force  centrifuge  qu'elle 
engendre  puisse  vaincre  la  prcssion  hydrostatique  et  la  cohesion 
du  liquide/' 

If  water  possesses  rotatory  motion  at  the  time  of  its  efflux 
from  the  bottom  of  a  vessel,  the  conical  cavity  is  formed  much 
sooner  than  it  otherwise  would  be,  and  extends  to  a  far  greater 
depth  into  the  liquid, 

A  stream  of  water  entering  water  at  right  angles  to  its  surface 
does  not  produce  rotation;  but  if  it  enters  at  an  angle  differing 
ever  so  little  from  a  right  angle,  rotation  in  the  direction  in  which 
the  stream  flows  is  at  once  communicated  to  the  water  into  which 
it  flows. 

A  discharge-tube  2  inches  long  by  \i\\  of  an  inch  diameter 
was  fitted  into  the  bottom  of  a  cylindrical  vessel  10  inches  high 
by  4|  inches  diameter ;  water  was  placed  in  the  vessel  until  it 
stood  at  a  height  of  9  inches  from  the  upper  orifice  of  the  dis- 
charge-tube ;  it  was  allowed  to  come  to  perfect  rest,  and  the 
orifice  was  then  opened  :  the  water  sank  steadily  till  within  ith 
of  an  inch  of  the  bottom,  when  a  cavity  formed  over  the  orifice. 

The  same  experiment  was  repeated  ;  but  before  the  commence- 
ment of  efflux,  rotatory  motion  was  given  to  the  water  in  the 
vessel ;  when  efflux  commenced,  the  conical  cavity  formed  at  8 
inches  from  the  orifice  of  the  discharge-tube  and  extended  into 
the  issuing  jet.  When  a  discharge-tube  of  double  diameter  was 
substituted,  the  cavity  appeared  at  half  an  inch  from  the  orifice  of 
the  discharge-tube  when  the  water  was  perfectly  at  rest  prior  to 
efflux.  When  rotatory  motion  was  given  to  the  water,  the  cavity 
appeared  at  8  inches  from  the  orifice  and  extended  into  the 
issuing  stream ;  air  entered  through  the  cavity  and  expanded 
the  water  as  it  issued  from  the  vessel  into  an  ellipsoid  3  inches  in 
its  longer  diameter  by  1  inch  in  its  shorter.  The  rate  of  efflux 
was  three  times  as  slow  as  when  no  rotatory  motion  was  given 
to  the  water. 

If  when  the  conical  cavity  has  extended  to  some  distance  into 
the  issuing  stream  the  latter  is  caused  to  enter  water,  the  air 
which  enters  through  the  cavity  is  seen  to  penetrate  but  a  very 

*  Ann.  de  Chim.  et  de  Phys,  March  1864,  "Recherches  Hydrauliques." 


222  Mr.  G.  F.  Rodwell  on  the  Effects 

short  distance  into  the  water ;  but  if  we  make  such  an  arrange- 
ment that  we  have  a  vessel  perpetually  emptying  itself  by  along 
tube,  air  enters  by  the  conical  cavity,  is  detached  from  the  apex 
of  the  cone,  and  passes  down  the  tube  with  the  descending  water. 

In  oi'der  to  determine  the  amount  of  air  carried  down  by  this 
means,  I  fitted  a  small  funnel  N,  fig.  1,  into  the  upper  orifice  of 
the  tube  B,  and  placed  the  delivery-tube  H  in  such  a  position 
that  the  water  which  it  delivered  impinged  against  the  side  of 
the  funnel.  This  being  the  case,  a  hollow  cone  of  water  possess- 
ing rapid  rotatory  motion  was  formed  in  the  funnel,  and  air 
entered  through  its  centre :  the  air  and  water  on  issuing  from 
the  funnel  formed  alternate  disks  in  the  tube  B,  and  these  rapidly 
descended  into  the  vessel  A.  A  mercury  gauge  communicating 
with  the  interior  of  A  showed  that  the  pressure  remained  per- 
fectly constant,  and  precisely  the  same  amount  of  air  came  over 
during  a  number  of  successive  experiments. 

The  amount  of  air  carried  down  was  very  large :  when  the 
circular  delivery-tube  2^tJ^^^^  ^^  ^^  vach  diameter  (used  in  some 
of  the  previous  experiments)  was  employed,  no  less  than  1200 
cubic  centims.  of  air  were  carried  down  by  half  a  litre  of  water, 
the  water-surface  in  A  being  1  inch  below  the  orifice  of  B  (viz. 
at  b,  fig.  1).  The  flow  from  the  delivery-tube  was  =  half  a  litre 
of  water  in  24  seconds. 

With  the  smaller  circular  delivery-tube,  y'^^ths  of  an  inch 
diameter,  and  delivering  half  a  litre  of  water  in  39  seconds,  1392 
cubic  centims.  of  air  were  carried  down  by  half  a  litre  of  water; 
the  water-surface  in  A  being,  as  before,  1  inch  below  the  orifice 
of  B.  Stated  in  other  words,  a  little  stream  of  water,  about 
Y^yth  of  an  inch  in  diameter  at  the  orifice  from  which  it  issues, 
with  a  head  of  water  of  2  feet,  carries  down  in  one  hour  128 
litres  of  air.  By  this  method  we  see,  therefore,  that  1  part  of 
water  carries  down  more  than  2f  times  its  own  bulk  of  air — 
the  largest  quantity  which  I  have  found  under  any  circumstances 
to  be  carried  down  by  water. 

The  mouth  of  the  funnel  -N  was  covered  air-tight  with  a  thick 
sheet  of  caoutchouc,  and  a  small  vibrating  tongue,  such  as  is  used 
in  Wheatstone's  concertinas,  was  fitted  into  the  caoutchouc  ;  the 
delivery-tube  was  then  passed  through  the  cover,  and  so  placed 
that  it  delivered  water,  as  before,  against  the  side  of  the  funnel : 
when  water  flowed,  the  tongue  was  readily  vibrated  by  the  enter- 
ing air.  A  second  tongue  was  now  added,  and  it  was  found  that 
the  flow  from  the  delivery-tube  might  be  diminished  from  half 
a  litre  of  water  in  24  seconds  to  the  same  quantity  in  40  seconds, 
and  yet  the  tongues  were  readily  vibrated. 

A  musical  instrument  might  thus  be  constructed  in  which  the 
air  could  be  twice  used  before  leaving  the  instrument ;  for  the 
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air  rushing  in  to  penetrate  through  the  conical  cavity,  and  that 
same  air  after  having  been  carried  down  by  the  water  and  col- 
lected, might  be  employed  separately  to  produce  vibrations  in 
vibrant  bodies  according  to  any  of  the  usual  methods. 

IV. 

There  is  one  other  way  in  which  water  passing  through  a  tube 
may  carry  down  air. 

Suppose  a  continuous  vertical  tube  with  water  flowing  through 
it.  If  now  the  water  is  caused  to  cease  flowing,  it  will  remain 
suspended  in  the  tube  by  atmospheric  pressure ;  and  such  would 
of  course  be  the  case  with  any  tube  under  33  feet  in  length  ;  but 
let  an  orifice  be  made  anywheie  in  the  circumference  of  the  tube, 
and  the  whole  column  beneath  that  orifice  will  instantly  fall, 
because  it  has  no  longer  the  weight  of  the  atmosphere  on  its 
lower  end  alone,  but  also  at  the  orifice ;  the  influence  of  the 
atmosphere  is  consequently  annulled  below  the  orifice,  and  the 
column  falls  by  its  own  weight. 

If  water  be  flowing  through  such  a  tube,  the  column  below 
the  orifice  will  have  greater  velocity  than  that  above  it ;  hence 
rupture  of  the  column  will  ensue  at  the  orifice,  and  air  will  enter ; 
but  as  water  is  continually  flowing,  the  orifice  is  quickly  closed, 
and  we  thus  obtain  an  intermittent  entry  of  air. 

In  order  to  see  how  much  air  might  be  carried  down  by  this 
means,  a  short  glass  tube  0,  fig.  1,  .>^0ths  of  an  inch  diameter, 
was  fitted  into  the  upper  orifice  of  the  tube  B  by  means  of  a 
cork  ;  a  piece  of  caoutchouc  tubing,  P,  was  adapted  to  the  tube 
O,  and  a  circular  delivery-tube  H,  ^^-ths  of  an  inch  diameter, 
was  connected  with  the  upper  part  of  the  caoutchouc  tube.  H 
delivered  half  a  litre  of  water  in  24  seconds.  An  orifice  ^i\i 
of  an  inch  diameter  was  made  in  the  circumference  of  the  caout- 
chouc tube  midway  between  the  orifices  of  H  and  0 ;  thus  a 
perfectly  continuous  tube,  with  the  exception  of  an  orifice  s^th 
of  an  inch  diameter,  intervened  between  the  water-cistern  and 
the  vessel  A. 

Matters  being  thus  arranged,  water  was  allowed  to  flow  from 
H,  and  it  was  found  that  half  a  litre  of  water  carried  down  218 
cubic  centims.  of  air. 

When  a  caoutchouc  tube  with  four  orifices  in  its  circum- 
ference was  substituted  for  that  with  one  orifice,  half  a  litre  of 
water  carried  down  320  cubic  centims.  of  air :  in  both  instances 
the  water-surface  in  A  was  1  inch  below  the  orifice  of  B  (viz.  at 
h,  fig.  1). 


We  see  from  the  above  that  there  are  four  modes  by  which 
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air  can  be  carried  down  by  a  stream  of  water  falling  through 
a  tube. 

1 .  If  the  area  of  the  cross  section  of  the  tube  through  which 
the  water  falls  be  not  much  greater  than  that  of  the  orifice  from 
which  the  water  flows,  disks  will  be  formed  in  the  tube,  and, 
being  pushed  down  by  the  descending  stream,  will  force  down 
the  air  beneath  them. 

2.  If  the  area  of  the  cross  section  of  the  tube  through  which 
the  water  falls  be  much  greater  than  that  of  the  orifice  from 
which  the  water  flows,  so  that  disk  action  is  prevented,  or  if  the 
pressure  on  the  lower  end  of  the  tube  be  competent  to  support  a 
column  of  water  in  the  tube  at  such  a  distance  from  the  orifice 
from  which  the  water  flows  that  the  descending  stream  has  not 
widened  sufficiently  to  allow  of  the  formation  of  disks,  air  will 
be  carried  beneath  the  water-surface  on  account  of  the  formation 
of  cavities,  according  to  the  theory  of  Magnus. 

3.  If  there  is  not  a  great  depth  of  water  in  the  vessel  which 
supplies  the  descending  stream,  or  if  (the  dej)th  not  of  necessity 
being  snudl)  rotatory  motion  is  from  any  cause  imparted  to  the 
water,  air  will  enter  through  a  cavity  formed  above  the  orifice 
from  which  the  descending  stream  issues,  and  extending  into  the 
descending  stream. 

4.  If  the  area  of  the  cross  section  of  the  orifice  from  which 
the  water  flows  be  as  great,  or  nearly  as  great,  as  that  of  the 
tube  through  which  the  water  falls,  and  if  at  the  same  time  the 
orifices  for  the  admission  of  air  do  not  exceed  a  certain  area 
compared  with  that  of  the  orifice  from  which  the  water  flows, 
air  will  enter  at  the  rupture  of  the  stream,  produced  at  the 
orifices  by  the  accelerated  motion  of  the  water  below  those 
orifices. 

The  cause  of  the  descent  of  air  in  the  different  modifications 
of  the  trompe  is  not  due  to  any  one  action  of  a  stream  of  water ; 
air  is  carried  down  by  all  four  of  the  modes  of  action  mentioned 
above. 

Generally  only  one  mode  obtains  in  one  form  of  the  machine ; 
but  there  may  be  two  modes  acting  simultaneously,  the  parti- 
cular mode  or  modes  being  determined  («)  by  the  relation  of  the 
area  of  the  cross  section  of  the  trompe-tube  to  that  of  the  orifice 
from  which  the  stream  flows;  {b)  by  the  head  of  water  above 
the  orifice  from  which  the  stream  flows ;  (c)  by  the  fact  of  whether 
there  are  causes  which  induce  rotatory  motion  in  the  water  before 
it  leaves  the  cistern  ;  (d)  by  the  form  of  the  orifice  from  which 
the  stream  flows;  {e)  by  the  manner  in  which  air  is  allowed 
access  to  the  interior  of  the  tube ;  and  lastly,  (/)  by  the  amount 
of  pressure  on  the  lower  orifice  of  the  tube. 

The  first  and  fourth  modes  least  seldom  obtain ;  the  second 
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obtains  in  the  generality  of  modevn  tronij)es  ;  and  the  third 
obtains  in  the  trompe  described  by  Francois,  in  trompes  witli 
very  shallow  cisterns,  in  trompes  in  which  the  water  before 
leaving  the  cistern  receives  rotatory  motion,  either  by  the  stream 
which  supplies  the  cistern  entering  at  an  angle  to  the  water- 
surface,  or  by  some  other  cause,  and  in  all  trompes  with  in- 
clined tubes  (of  which,  as  stated  above,  Kircher  had  seen  forty 
prior  to  the  year  1655). 

I  consider  the  most  economical,  and  in  every  way  the  most 
efficient  form  of  trompe  to  be  the  old  form,  in  which  there  are 
no  air-holes,  and  the  air  enters  by  a  conical  cavity  in  the  water 
above  the  orifice  from  which  the  descending  stream  issues.  It 
will  be  seen  from  the  above  experiments  that  by  this  method  we 
obtain  nearly  double  the  amount  of  air  obtainable  by  other 
means.  The  construction  of  such  a  trompe,  moreover,  is  com- 
paratively easy ;  there  is  no  need  to  have  the  tubes  perfectly 
vertical,  and  less  spray  is  carried  into  the  furnace  than  by  the 
form  of  trompe  now  in  use. 

20  Great  Marlborough  Street,  London, 
July  28,  1864. 
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MULLER*  has  investigated  the  action  of  marsh-gas  on  several 
metallic  oxides  at  high  temperatures.  The  marsh-gas  was 
prepared  by  heating  in  a  charcoal  fire  a  mixture  of  acetate  of  soda, 
potash,  and  lime  in  a  coated  retort,  by  which  almost  the  theore- 
tical quantity  of  gas  was  obtained. 

Pure  sesquioxide  of  iron,  IV  0^,  heated  in  a  hard  glass  tube 
in  a  stream  of  the  gas,  soon  became  black,  while  a  large  quantity 
of  water  was  formed.  Subsequent  investigation  and  quantita- 
tive analysis  of  the  altered  substance  showed  that  it  was  proto- 
sesquioxide  of  iron,  Fe''  0**,  When  sesquioxide  of  iron  placed  in 
a  porcelain  tube,  through  which  passed  a  current  of  marsh-gas, 
was  heated  in  a  charcoal  lire,  protosesquioxide  was  obtained,  which 
contained,  however,  a  larger  quantity  of  protoxide. 

Protosesquioxide  of  manganese  was  easily  attacked  by  the 
gas  and  reduced  to  protoxide  of  manganese. 

The  oxide  of  cobalt,  Co^  0",  by  heating  in  a  current  of  marsh- 
gas,  was  reduced  to  metallic  cobalt  with  formation  of  water. 
Oxide  of  copper  was  likewise  reduced  to  metallic  copper,  while 
oxide  of  tin  and  oxide  of  zinc  remained  unchanged. 

*  PoggendovfF's  Annalen,  May  1864. 
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Peroxide  of  lead,  even  wlien  gently  heated  in  a  current  of  the 
gas,  was  reduced  with  explosive  violence  to  protoxide  of  lead. 
Oxide  of  bismuth  was  slowly,  but  at  last  completely  reduced  to 
the  metallic  state. 

The  result  of  these  experiments  showed  that  the  action  of  the 
gas  was  in  all  cases  reducing;  in  no  case  could  any  carbon  be 
detected  in  the  substances  formed.     And  they  further  show  that 
at  a  red  heat  the  affinity  of  metals  for  carbon  is  inconsiderable. 
The  author  also  subjected  the  above  metallic  oxides  to  the 
action  of  oleriant  gas.      When  sesquioxide  of  iron  was  heated  in 
this  gas,  at  first  a  formation  of  water  ensued,  which  gradually 
became  smaller.     The  decrease  in  weight,  as  ascertained  by  seve- 
ral successive  weighings,  never  amounted  to  30  per  cent.,  which 
would  have  been  required  by  a  reduction  of  the  sesquioxide  to 
metallic  iron.     The  maximum  decrease  was  about  20  per  cent.; 
while    there  was  subsequently  an  increase  of  weight.     Hence 
something  more  than  reduction  had  taken  place :  either  some 
oxygen  was  left  with  the  iron,  or  for   a  portion  of  the  disen- 
gaged oxygen    some  carbon  had  been   substituted.     That  this 
latter  was   the  case,   was  proved  by  subsequently   heating  the 
residue  in  hydrogen,   when  neither  was  any  water  formed  nor 
was  there  any  change  in  weight.     When  the  black  residue  was 
treated  with  hydrochloric   acid   it  dissolved  with  effervescence, 
and  at  the  same  time  the  chai'acteristic  odour  perceived  in  the 
solution  of  cast  iron  was  observed,  while  carbon  was  set  free. 
Hence  part  of  the  carbon  was  combined  and  part  in  a  state  of 
mixture ;  and  the  amount  of  the  former  appeared  to  be  more 
considerable  than  the  quantity  present  in  cast  iron.     The  author 
is  of  opinion  that  a  partial  reduction  of  the  sesquioxide  first 
takes  place,  and  that  then  this  lower  oxide,  losing  some  further 
oxygen,  takes  up  carbon  at  the  same  time. 

Frotosesquioxide  of  manganese  is  at  first  reduced  to  greenish 
protoxide,  which  afterwards  increases  in  weight,  doubtless  owing 
to  the  separation  of  carbon.  Oxide  of  copper,  heated  in  a  cur- 
rent of  gas,  is  at  first  reduced  to  metallic  copper ;  and  when  this 
is  complete,  a  separation  of  carbon  takes  place. 

Brunner^  has  examined  the  action  of  hydrogen  on  the  solu- 
tions of  certain  metallic  salts.  When  pure  hydrogen  was  passed 
through  moderately  strong  neutral  solution  of  nitrate  of  silver  it 
became  turbid,  and  on  continuing  the  action  for  several  hours  a 
slight  grey  precipitate  was  formed,  which  under  the  microscope 
was  seen  to  consist  of  metallic  silver.  But  the  quantity  was  very 
small,  and  did  not  seem  to  increase  even  with  several  weeks' 
action.-* 

*  Poggendorff's  Annalen,  May  1864. 
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When  hydrogea  was  passed  through  a  neutral  solution  of 
bichloride  of  platinum  it  soon  became  turbid,  and  partly  a  black 
pulverulent  and  partly  a  metallic  lustrous  precipitate  was  formed. 
At  the  same  time  the  solution  became  clearer,  and  was  finally 
free  from  platinum.  On  this  deportment  Brunner  bases  a  method 
for  separating  platinum  from  its  solutions,  the  details  of  which  he 
describes;  and  he  indicates  the  possibility  of  a  technical  apjoli- 
cation  of  this  method  for  separating  platinum  from  its  ores. 

Palladium  is  as  readily  reduced  from  its  solutions  as  platinum  ; 
while  the  reduction  of  chloride  of  iridium  is  quite  insignificant, 
and  chloride  of  gold  is  unchanged.  The  same  is  the  case  with 
solutions  of  chloride  of  mercury  if  the  hydrogen  is  under  the 
ordinary  pressure.  But  Brunner  found,  as  BeketoflP  had  also 
done,  that  under  a  pressure  of  100  atmospheres  this  substance 
is  reduced  and  mercury  deposited  in  distinct  globules. 

Davy  referred  the  action  of  his  safety-lamp  to  the  cooling 
action  of  the  wire  gauze.  Dissatisfied  with  the  inadequacy  of 
this,  Kronig  proposes*  the  following: — 

"  Although  experiment  shows  that  a  wire  gauze  can  cool  the 
gaseous  products  of  combustion  present  in  a  flame  to  a  point 
below  the  temperature  at  which  they  ignite,  the  question  arises, 
on  what  does  this  action  depend.  Several  thmgs  are  possible. 
A  cold  wire  gauze  introduced  into  the  flame  can  take  away  heat. 
But  the  cooling  thus  produced  is  less  the  higher  the  tempera- 
ture of  the  gauze  rises;  and  a  continuous  cooling  of  the  flame 
by  the  wire  gauze  is  Only  possible  when  the  wire  gauze  loses  on 
the  outside  the  heat  it  receives  from  the  flame.  Such  a  loss  can 
occur  either  by  conduction  or  by^-adiation.  If  the  flame  is  small, 
heat  may  be  conducted  from  the  middle  parts  of  the  heated  wire 
gauze;  but  this  conduction  must  be  less  the  greater  the  flame. 
Hence  it  is  probable  that  the  wire  gauze  loses  heat  more  by 
radiation  than  by  conduction. 

"The  assumption  that  metal  gauze  radiates  more  heat  than  the 
gaseous  flame  is  a  matter  of  course,  for  we  know  that  ignited 
solid  bodies  radiate  more  light  than  gaseous  bodies  at  the  same 
temperature." 

This  opinion,  says  Kronig,  has  become  a  certainty  since  the 
publication  of  Magnuses  interesting  experiments  in  his  paper 
"  On  the  Constitution  of  the  Sun"t-  ^^oi"  i^ot  only  does  he  show 
that  the  introduction  of  a  disk  of  platinum  into  a  non-luminous 
gas-flame  causes  it  to  radiate  more  heat,  but  also  that  this  radia- 
tion experiences  a  further  increase  when  the  platinum  is  soaked  in 
carbonate  of  soda.     This  observation  appears  completely  to  ex- 

*  Poggendorif' s  Annalen,  May  1864. 
t  PhilMag.  S.  4.  vol.  xxvii.p.376. 
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plain  the  statement  of  Graham*,  that  the  wire  gauze  of  the  safety 
lamp  soaked  with  solution  of  alkali  becomes  much  more  imper- 
vious to  the  flame. 

Buchner  nine  years  ago  gave  a  method  for  freeing  sulphuric 
acid  from  arsenic,  which  was  based  on  the  ready  conversion  of 
arsenious  acid  into  the  more  volatile  chlorideof  arsenic  by  means 
of  hydrochloric  acid,  and  which  simply  consisted  in  passing  a 
current  of  IICl  through  heated  suljihuric  acid.  Bussy  and 
Buignet,  and,  independently  of  them,  Bloxamf,  found  that  sul- 
phuric acid  could  not  be  purified  in  this  way  from  arsenic.  On 
going  into  the  experiments  of  Bussy  and  Buignet,  Buchner  found 
the  cause  to  be  that  the  crsenic  was  present  as  arsenic,  and  not  as 
arsenious  acid.  Now  arsenic  acid  in  solution  is  but  miperfcctly 
converted  into  chloride  of  arsenic.  Souchay,  under  Fresenius^s 
direction,  has  recently  found  that  from  a  boiling  mixture  of 
arsenic  and  hydrochloric  acids  very  little  arsenic  is  volatilized  -, 
and  indeed  it  is  on  this  fact  that  Fresenius  and  Babo^s  method 
for  removing,  by  means  of  chlorate  of  potash  and  hydrochloric 
acid,  organic  matters  from  solutions  containing  arsenic  is  based. 
Buchncr:[;  accordingly  proposes,  as  a  modification  of  his  method, 
to  convert  any  arsenic  acid  which  may  be  present  first  into  arse- 
nious acid.  This  is  best  effected  by  heating  the  acid  to  be 
purified  with  a  few  pieces  of  charcoal ;  sulphurous  acid  is  libe- 
rated, which  in  a  few  minutes  reduces  the  arsenic  acid  so  com- 
pletely to  arsenious  acid  that  every  trace  may  be  subsequently 
removed  by  passing  a  current  of  hydrochloric  acid  through. 

Dclafontaine§  has  determined  the  atomic  weight  of  thorium, 
and  comnmnicated  some  considtrations  on  the  formula  of  thoria. 
Berzelius,  in  1829,  had  found  a  series  of  numbers  for  the  atomic 
weight  of  thorium  agreeing  but  imperfectly  with  each  other,  and 
the  mean  of  which  (calculated  according  to  the  modern  atomic 
weights  for  sulphur,  barium,  and  potassium  ;  for  Berzelius's  de- 
termination was  made  with  the  sulphate  of  thoria  and  potash)  is 
59-38.  Delafontaine  used  for  the  preparation  of  thoria  the 
minerals  thorite  and  orangite ;  and  the  method  he  used  is  that 
employed  by  jNIarignac  for  the  treatment  of  cerite.  The  pow- 
dered mineral  was  moistened  with  water  and  made  into  a  semifluid 
paste  with  sulphuric  acid,  by  which  so  much  heat  was  produced 
as  to  expel  most  of  the  excess  of  sulphuric  acid.  The  residual 
mass  was  heated  until  all  acid  was  driven  off.  The  residue  was  then 
dissolved  in  cold  water  and  Altered.     The  solution  was  next  con- 

*   Poggendoiff's  Annalen,  vol.  xxxvii.  p.  367. 

t  Journal  of  the  Chemical  Society,  vol.  xv.  p.  52. 

X  Liebig's  J?ma/en,  May  1864. 
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centrated  and  heated  in  the  watev-bath  to  100°,  by  which  a  sul- 
phate of  thoria  little  soluble  in  hot  water  was  deposited.  This 
operation  was  repeated  several  times,  and  the  precipitate  was 
considered  to  be  pure  when,  on  heating,  it  left  a  perfectly  white 
residue.  The  mother-liquor  from  all  these  crystallizations,  on 
the  addition  of  sulphate  of  potash,  yielded  the  thoria  in  them  in 
the  form  of  double  salt. 

The  sulphate  of  thoria  thus  obtained  is  heavy,  white,  and 
caseous ;  it  consists  of  a  large  number  of  very  small  interlaced 
needles,  which  gave  to  it  a  porcelain-like  aj)pearance.  In  no 
case  could  distinct  crystals  be  seen  ;  but  when  on  this  salt  was 
poured  a  quantity  of  water  insufficient  for  its  solution,  it  became 
converted  into  clear  colourless  crystals  in  the  form  of  6  to  8-sided 
prisms  with  pointed  ends. 

These  two  compounds  differ  in  the  quantity  of  water  they 
contain.  The  water  in  them  was  determined  by  heating  them 
from  400°  to  4-50°,  and  the  thoria  by  heating  the  salt  to  redness 
until  the  weight  remained  constant.  To  determine  the  sulphuric 
acid,  the  thoria  was  first  precipitated  as  oxalate,  and  in  the 
filtrate  the  sulphuric  acid  was  precipitated  by  chloride  of  barium, 
hydrochloric  acid  having  been  previously  added. 

The  results  of  Delafontaine's  analysis  show  that  if  thoria  is  to 
be  considered  as  a  base,  ThO,  the  salts  must  have  respectively 
the  improbable  formula  4.R0  SO^'^  +  OAq  and  2 ThO  SO^-f  9Aq. 
But  some  time  ago*  Nordenskiold  and  Chydenius  showed  that 
crystallized  thoria  prepared  in  the  dry  way  had  the  same  form 
and  angles  as  stannic  and  titanic  acids.  This,  then,  seems  to  show 
that  thoria,  like  zirconia,  which  it  so  much  resembles,  consists  of 
one  atom  of  metal  and  two  of  oxygen ;  if,  then,  this  is  the  case, 
the  above  salts  have  the  formulte 

2Th02S03  +  9Aq 
and 

ThO^SO^-i-QAq. 

The  objection  that  the  water  in  the  first  salt  is  expressed  by  a 
fraction,  it  shares  with  the  sulphates  of  uranium,  cadmium, 
yttrium,  and  didymium.  The  atomic  weight  of  thorium  is  then 
231-5. 

St. -Claire  Deville  and  Troostf  have  made  the  following  expe- 
riment, which  shows  that  iron  is  permeable  to  hydrogen  gas  at 
a  high  temperature.  A  tube  of  cast  steel  was  taken  containing 
so  little  carbon  that  it  could  not  be  hardened,  and  so  soft  that  it 
could  be  drawn  out  in  the  cold  to  a  tube  of  3  to  4  millimetres  in 

*  Phil.  Mag.  vol.  xx.  p.  375. 
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diameter.  To  the  ends  of  this  tube,  which  was  thus  constructed 
without  soldering,  two  thinner  copper  tubes  were  soldered,  and 
in  these  glass  tubes  were  cemented.  The  whole  tube  was  placed 
in  a  porcelain  tube  in  a  furnace,  and  one  of  the  ends  connected 
with  a  hydrogen-apparatus,  while  the  other  was  provided  with  a 
long  vertical  delivery-tube  which  dipped  under  mercury.  While 
the  tube  was  kept  at  a  very  high  temperature,  hydrogen  was 
passed  through  until  its  action  on  the  sides  of  the  tube  must 
have  been  terminated  and  all  atmospheric  air  and  moisture  com- 
pletely expelled.  When  now  the  hydrogen-tube  was  sealed,  the 
mercury  rapidly  ascended  in  the  vertical  tube  at  the  rate  of  3  to 
4  centimetres  in  a  minute,  and  more  rapidly  according  as  the 
heat  of  the  furnace  was  increased.  Hence  in  the  interior  of  the 
apparatus  an  almost  vacuous  space  was  formed  in  consequence 
of  hydrogen  passing  through  the  tube  in  opposition  to  the  ex- 
ternal atmospheric  pressure. 

Deville  has  continued*  on  these  thick  tubes  of  iron  the  expe- 
riments which,  in  conjunction  with  Troostf,  he  had  previously 
made  on  porous  earthen  tubes,  and  has  arrived  at  some  unex- 
pected results. 

To  the  two  ends  of  an  iron  tube  about  3  millims.  in  thickness 
were  soldered  two  very  fine  copper  tubes,  by  which  it  communi- 
cated on  the  one  hand  with  a  source  of  nitrogen,  and  on  the 
other  with  a  manometer.  Two  good  stopcocks  (immersed  for 
safety^s  sake  in  cold  water)  were  cemented  to  the  ends  of  these 
copper  tubes;  by  one  of  them  a  current  of  nitrogen  could  be 
introduced  or  stopped  at  will,  and  by  the  other,  which  was  a 
three-way  stopcock,  the  interior  of  the  tube  could  be  connected 
either  with  a  manometer  or  with  a  mercury  or  a  water  pneu- 
matic trough  to  collect  the  gases  and  analyze  them. 

The  iron  tube  was  introduced  into  an  impermeable  porcelain 
tube  very  slightly  longer  than  itself.  This  was  closed  at  each 
end  by  a  cork  perforated  so  as  to  permit  the  copper  tube  to  pass, 
and  at  each  end  a  glass  tube  was  litted  so  as  to  allow  a  current 
of  any  gas  to  enter  the  annular  space  between  the  porcelain 
and  the  iron  tube.  The  middle  of  this  apparatus  was  fastened 
firmly  in  a  furnace  fed  by  gas-coke,  and  by  a  ventilator  which 
renders  the  operator  entirely  master  of  variations  in  the  tempe- 
rature. 

In  this  manner  there  could  be  introduced  into  the  iron  tube, 
and  into  the  annular  space  which  surrounds  it,  two  separate 
currents  of  gas  isolated  by  a  metallic  disphragm  several  millime- 
tres in  thickness. 

At  first  pure  nitrogen  was  passed  into  the  iron  tube  and  into 

*  Comptes  Rendus,  July  18,  1864.  t  Phil-  Mag.  vol.  xxii.  p.  61. 
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the  annular  space  ;  heat  was  applied,  and  kept  pretty  constant. 
This  is  indicated  by  the  manometer,  which  ought  not  to  vary 
appreciably  when  the  stopcock,  by  which  the  nitrogen  enters  the 
iron  tube,  is  closed.  At  this  moment  (the  nitrogen-stopcock 
being  closed)  a  current  of  hydrogen  was  passed  into  the  annular 
space.  It  was  thus  seen  that,  in  proportion  as  hydrogen  displaced 
nitrogen  in  the  annular  space,  the  mercury  ascended  in  the 
manometer  and  attained  such  a  level  as  to  indicate  that  the 
internal  pressure  had  been  more  than  doubled.  This  is  pure 
hydrogen,  which,  penetrating  the  sides  of  the  iron  tube,  adds  its 
pressure  to  that  of  the  nitrogen,  which  does  not  escape  in  any 
appreciable  quantity. 

After  some  hours  the  pressure  attains  a  maximum  ;  the  pres- 
sure could  be  calculated  from  the  height  of  the  mercury  in  the 
manometer;  the  three-way  stopcock  was  then  worked  so  as  to 
allow  the  gas  in  the  interior  of  the  tube  to  be  collected  and  ana- 
lyzed. Thus  there  were  all  the  elements  for  obtaining  the  pressure 
of  each  gas  in  the  inside  of  the  iron  tube.  Throughout  the  ex- 
periments a  constant  current  of  hydrogen  traversed  the  annular 
space. 

After  this  first  experiment,  one  or  more  may  be  made  by 
placing  in  its  original  position  the  three-way  cock,  which  simply 
places  the  iron  tube  in  communication  with  the  manometer  (the 
nitrogen  stopcock  is  not  touched,  and  thus  new  quantities  of  gas 
are  not  introduced).  This  second  heating  gives  rise  to  a  new 
maximum  pi'essure,  less,  however,  than  the  first.  And  in  the 
same  way  a  third  and  fourth  experiment  may  be  made. 

M.  Deville  then  gives  a  tabular  statement  of  his  results,  from 
which  he  draws  the  following  conclusions, 

"Hydrogen  passing  into  the  annular  space  at  the  atmospheric 
pressure  tends  to  enter  the  iron  tube  by  traversing  its  pores. 
(1)  At  a  temperature  but  little  elevated,  hydrogen  has  both  in- 
side and  outside  the  iron  tube  exactly  the  same  pressure  (that  of 
the  atmosphere)  as  if  there  were  no  nitrogen  in  the  interior. 
Hence  the  law  of  the  diff'usion  of  gases,  whether  into  liquid  or  into 
gases  themselves,  is  verified.  (2)  If  the  temperature  is  very  high, 
the  pressure  of  hydrogen  in  the  iron  tube  is  much  higher  than 
the  pressure  in  the  exterior.  These  results  are  in  complete 
contradiction  with  all  facts  known  regarding  the  diffusion  of 
gases. 

"  The  only  two  circumstances  which  might  serve  for  their  ex- 
planation are  as  follows  : — 

"1.  In  the  inside  of  the  tube  a  mixture  of  nitrogen  and  hydro- 
gen acts  like  a  homogeneous  substance,  drawing  to  itself  pure 
hydrogen  from  the  outside  as  if  part  of  the  physical  properties 
of  the  hydrogen  were  destroyed  by  the  presence  of  the  nitrogen. 
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But  in  the  present  state  of  science  it  would  be  difficult  to  admit 
this  explanation. 

"  2.  In  the  inside  the  gases  are  at  rest ;  outside,  hydrogen  is  in 
motion.  If  it  were  to  this  difference  alone  that  the  phenomenon 
had  to  be  attributed,  I  might  draw  important  conclusions  in 
support  of  the  mechanical  theory  of  heat,  of  the  new  ideas  on 
the  constitution  of  gases,  and  of  the  hypothesis  of  Mr.  Graham. 
But  before  this  I  desire  to  examine  carefully  tiie  conditions  of 
the  experiment,  which  might  have  escaped  me,  and  discuss  them 
again  in  all  their  parts," 

M.  Debray  has  made  a.  communication  on  the  production  of 
some  crystallized  phosphates  and  arseniates*.  The  phosphates 
and  arseniates  obtained  by  })recipitating  metallic  solutions  by 
soluble  phosphates  are  gelatinous,  or  at  least  amorphous ;  but 
the  precipitates  formed  in  solutions  of  niagnesia  or  cobalt  by 
phosphate  of  ammonia  are  ra])idly  transformed  into  small  crystals 
of  detinite  composition.  Debray  finds  now  that  this  transforma- 
tion of  phosphates  is  more  general  than  had  been  supposed,  and 
that  there  are  few  which  do  not  h'nally  pass,  under  favourable 
circumstances^  from  the  amorphous  state  into  that  of  well- 
defined  crystals.  He  explains  this  as  follows.  The  amorphous 
precipitates  produced  by  soluble  phosphates  and  metallic  solu- 
tions are  not  quite  insoluble  in  the  saline,  acid,  or  alkaline  liquors 
in  which  they  are  formed.  Hence  if  by  any  diminution  of  tem- 
perature their  solubility  diminishes,  a  portion  crystallizes  either 
on  the  sides  of  the  glass  or  on  the  amorphous  substance  ;  an 
increase,  on  the  contrary,  dissolves  a  part  of  the  amorphous  sub- 
stance, which  is  more  readily  soluble  than  the  crystals;  so  that 
by  a  scries  of  changes  in  the  solvent  j)ower  of  the  liquid,  as 
feeble  as  may  be  desired,  but  continuous,  the  amorphous  sub- 
stance ought  to  be  entirely  changed  into  crystals. 

This  transport  of  matter  from  the  amorphous  to  the  crystal- 
line state  is  analogous  to  the  phenomena  discovered  by  M. 
Devillefj  in  which  amorphous  oxides  were  converted  into  crystal- 
line oxides  under  the  iniiuence  of  a  current  of  hydrochloric  acid. 
Here  the  acid  acting  on  the  amorphous  oxide  gives  a  chloride  and 
water,  between  which  the  inverse  action  takes  place.  But  the 
oxide  thus  formed  is  crystalline,  and  much  more  difficult  of 
attack  than  the  amorphous,  which  is  thus  acted  upon  until  it  is 
entirely  changed. 

M,  Debray  describes  the  production  of  a  series  of  oxides  be- 
longing to  the  magnesian  group.  At  the  ordinary  temperature 
he  obtains  with  an  excess  of  pliosphate,  in  two  or  three  days, 

*  Comptes  Rendus,  Julv  4,  1864. 
t  Phil.  Mag.  vol.  xxii,  p,  515, 
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and  often  sooner^  tlie  following  new  salts  in  well-defined  crys- 
tals :  — 

Phosphate  of  ammonia  and  nickel  .  2NiO,  NH^O,?©^  +  12H0 
Phosphate  of  ammonia  and  zinc  .  .  2ZnO,NH''0,PO^  +  12HO 
Phosphateofammoniaandmanganese  2MnO,NH^O,PO^+  2H0 
PlTosphate  of  ammonia  and  iron  .     .  2FeO,NH''0,PO^+   2H0 

At  a  temperature  of  about  80°  C.  animoniacal  double  salts  are 
obtained  with  magnesia,  cobalt,  nickel,  manganese,  and  iron  in 
nacreous  crystals,  which  have  the  general  formula 

2RO,NH'iO,  PO^+2IiO. 
Zinc  forms  an  exception ;  it  produces  an  anhydrous  phosphate. 
Chancel's  phosphate  of  ammonia  and  cobalt, 
2CoO,NH40,PO^+12HO, 

when  left  in  contact  with  a  concentrated  acid  solution  of  phos- 
phate of  ammonia  for  seven  or  eight  days,  is  transformed  into 
tolerably  large  rose-coloured  crystals  of  a  phosphate  which  is  also 
insoluble,  and  which  has  the  composition 

CoO,  NH'i  0,  HO,  PO^  +  4 HO. 

Phosphate  of  iron  undergoes  a  similar  change. 

In  very  acid  liquids  no  precipitates  are  formed,  but  beautiful 
crystals  are  obtained  on  spontaneous  evaporation. 

With  phosphate  of  ammoiiia  and  magnesian  salts  in  excess 
no  annnoniacal  phosphates  are  obtained,  and  the  products  vary 
with  the  temperature.  Thus  the  salts  of  magnesia  and  of  manga- 
nese give  phosphates  in  the  form  of  line  rhouiboidal  octahedra,  of 
the  following  composition  : 

2MnO,  HO,  POHGHO  and2MgO,  HO,  PO^-f  6H0. 

At  100°  C.  manganese  gives  a  tribasic  phosphate, 
3MnO,  P0^  +  3H0, 

which  has  the  form  of  Hureaulite,  and  may  be  considered  as  a 
variety  of  this  mineral  free  from  iron. 

Arseniate  of  ammonia  gave  precipitates  which  could  not  be 
transformed  at  the  ordinary  temperature ;  but  kept  for  several 
days  at  100°,  well-defined  crystals  were  obtained.  Those  of  zinc 
and  of  manganese  are  as  follows  : — 

2MuO,  HO,  AsO^  +  2HO  ;     2ZnO,  HO,  AsO^  +  2HO. 

With  phosphate  of  soda  in  excess  and  salts  of  the  magnesian 
group  the  products  vary  with  the  nature  of  the  salt  employed. 
The  following  are  the  principal  ones  obtained  : — 

Phosphate  of  magnesia     .     .     2MgO,  HO,  P05  + 14H0 
Phosphate  of  zinc   .     .     .     .     3ZnO,  P0'^  +  4H0 
Phosphate  of  iron  ....     3FeO,  P0^  +  8H0 
Phil.  Mag.  S.  4.  Vol.  28.  No.  188.  Sept.  1864.  R 
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The  latter  is  Vivianite  in  small  crystals  quite  like  those  of  Com- 
mentry.     It  has  never  before  been  artificially  prepared. 

Phosphate  of  nickel  and  soda,  2NiO,  NaO,  P0^  +  14H0 
Phosphate  of  cobalt  and  soda,  3CoO,  PO-^4-2NaO,  HO,  PO^ 

+  8H0. 

The  latter  is  in  small  crystals  of  a  magnificent  blue  colour. 

M.  Damour*  has  communicated  a  note  on  the  density  of 
zircon.  In  the  course  of  his  researches  on  the  density  of  minerals, 
he  had  been  led  to  observe  the  great  variations  in  the  density  of 
zircon,  which  oscillates  between  4*04  and  4'67 ;  and  he  set  him- 
self to  ascertain  whether  this  arose  from  a  diflFerence  in  composi- 
tion, or  was  due  to  a  special  molecular  state.  He  analyzed  a 
specimen  from  Ceylon,  of  the  specific  gravity  4*183,  and  found 
that  the  analytical  results  corresponded  with  the  formula  of  zir- 
con, ZrO^  SiO^.  Results  very  closely  agreeing  with  these  were 
obtained  by  Berzelius  for  a  zircon  of  Epailly  which  had  the  spe- 
cific gravity  4*G67. 

The  difference  did  not  arise  therefore  from  chemical  composi- 
tion. Damour  accordingly  endeavoured  to  modify  the  molecular 
state.  A  zircon  from  Ceylon,  whose  density  was  4"  183,  was 
heated  to  dull  redness,  without,  however,  producing  any  loss  of 
weight  or  alteration  in  density.  But  heated  to  an  incipient 
white  heat  its  density  rose  to  4-534,  there  being  little  or  no  loss. 
The  same  experiment,  repeated  five  times  on  different  specimens, 
gave  always  the  same  result — an  increase  of  ^  to  ^^  in  the 
density. 

A  temperature  of  white  redness  produced  by  a  turpentine 
flame  fed  by  air  is  inadequate  to  melt  zircon.  By  the  oxy hydrogen 
blowpipe,  however,  the  surface  becomes  fused  and  covered  with 
a  thin  layer  of  white  enamel. 

Damour  compared  the  refractive  indices  of  the  specimens  dif- 
fering in  their  density.  Senarmont  had  found  for  a  specimen 
from  Ceylon,  whose  density  was  4'636,  the  numbers 

For  the  ordinary  ray     .     aj  =  l"92^    ^         j 
For  the  extraordinary  ray     e  =  1  •97  J"  -' 

And  Damour  found  for  another  specimen  from  Ceylon,  which 
had  the  density  4-210,  the  numbers 

For  the  ordinary  ray       .     C()=r85~\   e      .  j 
For  the  extraordinary  ray      e=  1  '86  J  ^ 

Hence  the  refractive  index  increases  with  the  density. 

It  is  doubtless  to  the  allotropic  state  of  zirconia  that  these 

different  physical  properties  of  zircon  are  due.     Zirconia,  as  ob- 

*  Comptes  Rendus,  January  18,  1864. 
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tained  in  the  form  of  hydrate,  exhibits  a  brisk  incandescence 
when  exposed  to  a  temperature  of  dull  redness,  and  its  physical 
properties  are  found  to  be  greatly  modified.  Denoting  these 
two  conditions  of  the  earth  by  Zr  {a)  and  Zr  {b),  it  is  easy  to 
suppose  that  their  mixture  in  varying  proportions  will  produce 
numerous  variations  in  the  physical  characters  of  the  compound 
of  which  this  substance  forms  part. 

The  author  gives,  finally,  a  list  of  the  densities  of  a  number  of 
zircons. 

Lemoine*  has  found  that  v/hen  sulphur  is  combined  with  red 
phosphorus  in  excess,  a  new  sulphide  of  phosphorus,  P^  S^,  is 
obtained.  When  1  equivalent  of  sulphur  is  mixed  with  1  of 
red  phosphorus  and  the  mixture  heated  to  100°,  a  violent  action 
is  set  up  accompanied  by  great  evolution  of  heat.  The  residue 
consists  of  sesquisulphide  of  phosphorus  mixed  with  excess  of 
hposphorus.  The  two  bodies  are  most  readily  separated  by 
solution  in  bisulphide  of  carbon.  Whatever  excess  of  red  phos- 
phorus is  taken,  the  substance  formed  is  the  same  ;  but  if  the 
sulphur  is  in  excess,  tersulphide  of  phosphorus  is  obtained. 

Sesquisulphide  of  phosphorus  crystallizes  from  sulphide  of 
carbon  or  from  chloride  of  phosphorus  in  right  rhomboidal 
prisms. 

It  melts  at  142°,  and  distils  between  300°  and  400°.  At  260° 
it  volatilizes  completely  in  a  current  of  dry  carbonic  acid.  The 
sublimate  thus  obtained  does  not  colour  polarized  light,  which 
circumstance,  together  with  its  aspect  and  the  mode  of  its  group- 
ing, place  it  in  the  regular  system.  It  is  therefore  dimorphous. 
It  is  almost  unalterable  in  the  air  and  in  cold  water. 
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June  16,  1864. — Major-General  Sabine,  President,  in  the  Chair. 

nj'^HE  following  communication  was  read  : — 
*-       "  Description  of  a  New  Mercurial  Gasometer  and  Air-pump." 
By  T.  R.  Robinson,  D.D  ,  LL.D.,  F.R.S.,  &c. 

In  some  experiments  on  the  electric  spectra  of  metal  and  gases, 
I  felt  the  want  of  a  mercurial  gasometer  for  working  with  such  of 
the  latter  as  are  absorbable  by  water.  Tliat  of  Pepys  is  on  too  large 
a  scale  for  my  requirements,  and  it  seemed  better  to  contrive  one 
more  easily  manageable,  which  I  saw  could  also  be  made  to  act  as  a 
mercurial  air-pump.  In  this  I  have  succeeded  to  my  satisfaction ; 
and  I  hope  that  a  description  of  it  may  be  useful  to  those  who  are 
engaged  in  similar  researches. 

*  Comptes  Rendus,  May  16,  1864. 
R2 
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There  have  heen  several  atteni|)ts  made  to  exhaust  by  means  of 
mercury,  the  chief  of  them  with  which  I  am  acquainted  being  those 
of  Close  (Nicholson's  Journal,  4to,  iii.  p.  264),  Edelcrantz  (Nicholson, 
8vo,  vii.  p.  188),  Traill  and  Children  (Nicholson,  xxi.  pp.  63  & 
161),  and  that  of  Geisler,  which  he  uses  in  preparing  the  beautiful 
A'acuum-tubes  which  bear  his  name.  In  all  the  principle  is  the 
same.  A  vessel  is  filled  with  mercur}',  which  is  made  to  descend 
from  it,  leaving  in  it  a  Torricellian  ^  acuum  ;  this  vessel  may  be 
made  to  communicate  with  a  receiver,  and  abstract  from  it  a  por- 
tion of  the  gas  which  fills  it ;  and  by  repeating  the  process  the 
receiver  can  be  exhausted  as  by  successive  strokes  of  an  air-])ump. 
In  the  two  first  instruments  to  which  I  have  referred,  the  descent  of 
the  mercury  is  produced  by  lifting  a  plunger  which  fills  one  leg  of 
an  inverted  sijdion,  the  vacuum  vessel  being  at  the  to[)  of  the  other 
leg.  On  depressing  the  ])lunger,  the  mercury  is  again  forced  up  to 
fill  that  vessel;  and  of  course  both  legs  must  be  longer  than  the 
barometric  column.  In  the  two  next,  the  receiver  itself  is  filled  w  ilh 
mercury,  which,  by  ojiening  a  cock,  falls  through  a  tube  of  suificient 
length  into  a  cistern  below.  Here  tlie  stroke  (so  to  call  it)  cannot 
be  repeated.  In  Geisler's  the  bend  of  the  si])hon  is  of  vulcanized 
caoutchouc,  so  that  one  leg  can  be  inclined  down  to  a  horizontal  posi- 
tion, and  thus  allow  the  metal  to  fall  from  the  other,  or  when  raised 
to  the  vertical  position  fill  it  again.  This  1  believe  acts  well,  but  it 
must  be  rather  unwieldy ;  and  my  practical  acquaintance  with  the 
working  of  tubes  of  that  material  has  made  me  suspicious  of  their 
tightness  and  permanence  under  such  circumstances. 

As  in  all  these  cases  the  mercury  is  supported  in  the  vacuum- 
vessel  by  atmospheric  pressure,  it  is  obvious  that  its  descent  will  be 
produced  by  removing  in  any  way  that  pressure ;  and  an  effective 
means  of  doing  this  is  sup])lied  by  the  common  air-})ump;  more 
tedious  certainly  than  the  mechanical  means  above  mentioned,  but 
far  more  manageable  ;  and  as  any  mercurial  j)ump  must  be  slow  in  its 
working,  while  it  is  only  required  for  special  purposes,  this  defect  is 
not  of  much  importance,  and  moreover  is  compensated  by  some 
special  advantages. 

But  besides  bringing  down  the  mercury,  means  must  be  provided 
for  raising  it  again.  Mj^  first  plan  was  to  do  this  by  condensed  air, 
the  same  syringe  which  made  the  exhaustion  having  its  action 
reversed  by  a  well-known  arrangement.  It  worked  extremely  well, 
was  lighter,  and  required  less  mercury  than  the  contrivance  which  I 
finally  adopted  ;  but  it  is  less  convenient  for  gasometric  work,  as  the 
syringe  niu::ft  be  worked  while  gas  is  delivered.  The  machine  in  its 
present  form  is  shown  in  fig.  1.  Its  base  is  a  stout  piece  of  maho- 
gany, 21  inches  by  10'5,  with  a  rim  round  it  0'5  deep  to  prevent 
the  loss  of  any  spilled  mercury,  and  handles  at  the  ends  by  which  it 
can  be  transported.  To  this  is  firmly  fixed  the  iron  stand  B,  3*5 
high,  4  in  diameter  above ;  its  upper  surface  is  carefuU}^  trued  to  a 
flanch,  in  which  is  cemented  the  vacuum-bell  A,  so  that  when  the 
touching  surfaces  are  lightly  smeared  with  a  mixture  of  lard  and  wax 
and  screwed  together  by  the  six  screws  (some  of  which  appear  in  the 
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figure),  the  joiut  is  air-tight.  The  bell  A  is  2  inches  in  diameter  and 
G*5  high;  it  has  a  tubulure  at  the  top,  in  which  is  ground  a  glass 
cock  C,  whose  construction  is  shown  in  fig.  2.  The  key  of  it  is 
pierced  from  its  bottom  to  a  level  with  the  bore,  with  which  this 
perforation  communicates  occasionally  by  a  lateral  opening.  In  the 
position  of  the  figure,  it  will  be  seen  that  the  bell  communicates 
with  the  branch  a ;  if  the  key  be  turned  half  round,  it  is  connected 
■with  the  branch  r ;  and  in  an  intermediate  position  it  is  completely 
shut  oif.     These  glass  cocks  have  this  great  advantage  over  those  of 


F'9-2.   C~^ 


Fig.3, 


metal,  that  it  can  always  be  ascertained  if  they  are  air-tight ;  their 
transparency  permits  us  to  see  if  the  key  and  shell  are  in  optical  con- 
tact ;  and  the  slightest  air-way  there  is  at  once  detected.  They 
should  not  be  lubricated  with  oil,  which  grips  and  may  perhaps 
find  its  way  into  the  bell  and  soil  its  interior.  I  find  the  best  mate- 
rial to  be  castor  oil  with  rosin  dissolved  in  it.  A  hole  is  drilled 
down  the  axis  of  B,  which  communicates  by  a  tube  (sunk  in  the 
wood  and  therefore  not  visible  in  the  figure)  with  the  cast-iron 
cylinder  D.     This  is  13  inches  high  and  3-2  in  internal  diameter  j 
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its  top  and  bottom  are  secured  to  it  air- tight  by  screws ;  in  it  works 
a  plunger  of  boxwood  well  varnished  10'4  high,  and  moving  so  loosely 
that  mercury  may  pass  it  easily.  The  plunger  is  wrought  by  a  rod 
passing  through  the  collar  of  leather  H.  In  the  top  of  the  cylinder 
is  a  stopcock  E,  to  which  is  fixed  a  tube  of  vulcanized  caoutchouc 
(varnished  with  a  solution  of  caoutchouc  in  benzidine),  which  is 
shown  hanging  down ;  it  has  a  coupling  to  connect  it  with  an 
ordinary  air-pump.  There  is  also  in  the  top  a  screw  S  for  admitting 
air.  One  end  of  the  bell's  cock  communicates  with  the  atmosphere, 
the  other  with  the  receiver-plate  It.  This  is  of  glass  2  inches  in 
diameter,  0-75  thick,  and  is  cemented  on  the  top  of  the  iron  pillar  P. 
Through  it  are  drilled  the  passages  shown  in  fig.  3  ;  in  ^  is  ground 
the  glass  tube,  shown  in  fig.  1  by  T,  the  end  of  which  is  in  contact 
■with  the  cock,  and  their  junction  made  air-tight  by  a  tube  of  Para 
caoutchouc ;  in  g  and  k  are  similarly  ground  the  siphon-gauge  G 
and  the  glass  cock  K.  These  all  communicate  with  the  receiver  by 
the  passage  v,  and  by  removing  the  tubes  can  be  easily  dried  or 
cleaned.  The  cock  K  is  connected  by  elastic  tube  with  the  catch-jar 
N,  which  is  supported  in  a  small  mercurial  trough  M. 

The  operation  of  this  machine  as  an  air-pump  is  as  follows  : — The 
receiver  being  placed  on  R,  open  the  Screw  S,  press  down  the  plunger 
nearly  to  the  bottom  of  the  cylinder,  remove  the  key  of  the  bell-cock, 
and  pour  through  the  opening  which  it  leaves  as  much  mercury  as 
will  fill  the  bell  to  the  bore  of  the  cock.  In  this  one  10  lbs.  are 
required.  Raise  the  plunger  to  the  top,  and  the  metal  will  subside 
from  the  bell  till  only  0-3  of  an  inch  remains  on  the  top  of  B,  fiUing 
the  space  left  vacant  in  D  by  the  rising  of  the  plungec  The  length 
of  the  ])lunger  and  the  height  of  B  must  be  adjusted  to  this  condi- 
tion. Replace  the  key  ;  turn  it  to  communicate  with  the  atmosphere 
(which  position  I  call  («)),  and  depress  the  plunger.  The  mercury 
will  rise  again  in  the  bell,  filling  it,  and  expelling  the  air  from  it,  till 
at  last  a  little  mercury  will  appear  in  the  bore  of  the  cock.  To 
prevent  this  from  being  splashed  about,  a  bit  of  bent  tube  v  is  ground 
on  the  end  of  the  cock,  which  receives  it,  and  when  it  has  too 
much  is  removed  and  emptied  into  D  through  S.  Secondly,  turn 
the  key  to  shut  off  the  bell  (position  (o)) ;  draw  up  the  plunger, 
close  S,  open  E,  and  couple  it  to  an  air-pump,  with  which  exhaust  D. 
This  pump  may  be  of  the  commonest  description,  for  an  exhaustion 
of  one  or  two  inches  is  quite  suflScient.  The  mercury  will  sink  in 
the  bell,  leaving  above  it  a  Torricellian  vacuum.  Close  E,  and 
turn  the  key  to  communicate  with  the  receiver  (position  (r)) ;  its  air 
or  gas  will  expand  into  the  bell. 

These  three  operations  form  the  cycle  of  operation,  and  must  be 
repeated  till  the  required  exhaustion  be  obtained,  with  one  modifi- 
cation of  the  first  one.  In  it,  at  the  second  and  all  subsequent  strokes, 
the  key  is  to  be  at  (o)  and  S  opened ;  thus  the  atmospheric  pressure 
will  raise  the  mercury  and  do  much  of  the  plunger's  work  ;  that  must 
then  be  depressed  and  the  key  set  at  (o) ;  the  other  two  steps  are  as 
at  first. 

"When  the  instrument  is  to  be  used  as  a  gas-holder,  either  the 
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receiver  must  be  in  its  place,  or  tbe  opening  of  R  must  be  closed  by 
a  piece  of  flat  glass ;  tbe  bell  must  be  filled  by  the  plunger,  and 
made,  by  (;•)  and  by  opening  A-,  to  communicate  with  the  jar  N. 
Tbe  mercury  will  rise  in  that  to  its  neck,  and  sink  in  A  ;  fill  A  again, 
pass  gas  into  N,  and,  by  carefully  working  the  key,  draw  it  into  A 
till  that  is  full.  As  this  gas  will  be  mixed  with  the  air  of  the  vessels 
and  passages,  it  must  be  expelled,  and  A  refilled  till  its  purity  is  cer- 
tain. If  it  be  noxious,  it  must  be  conducted  into  some  absorbent 
fluid  by  an  elastic  tube,  slipped  ou  the  a  end  of  the  cock  ;  which  will 
also  convey  the  gas  to  any  vessel. 

If  it  be  required  to"  fill  a  receiver  for  experiments  in  an  atmo- 
sphere of  gas  either  at  common  pressure  or  a  less  one,  it  may  either 
be  exhausted  by  an  air-pump  connected  with  K,  and  filled  from  A, 
or  exhausted  by  A  and  filled  from  N.  The  former  can  only  be  done 
with  gases  which  have  no  action  on  brass. 

These  operations  seem  complicated  when  described  with  so  much 
detail,  but  in  practice  they  are  very  easy,  and  their  result  is  good. 
Some  precautions,  however,  are  required  to  ensure  it.  The  bottom 
of  the  bell-cock  and  of  its  key  must  be  ground,  so  as  to  leave  no 
shoulder  or  hollow  in  which  air  may  be  entangled  when  the  bell  is 
filled.  Every  part  of  the  metal  work  must  be  air-tight ;  this  can 
only  be  secured  by  covering,  not  only  its  joints,  but  its  whole  surface 
with  several  coats  of  varnish-paint — best  of  white  lead.  When  the 
first  coat  is  applied,  on  exhausting  the  apparatus,  every  hole  or  pore 
is  revealed  by  an  opening  in  the  paint  (often  almost  microscopic), 
which  must  be  filled  up  as  it  forms  till  all  is  tight.  It  is  almost 
needless  to  mention  that  the  whole  must  be  perfectly  dry.  If  the 
bell  be  filled  a  few  times  with  undried  air,  enough  of  moisture  will 
adhere  to  its  walls  to  prevent  an  exhaustion  of  more  than  0"1  inch. 
In  such  a  case  it  must  be  dried  by  drawing  air  into  it  through  sul- 
phuric acid,  and  this  repeatedly.  Moisture  also  occasionally  finds 
its  way  into  a  part  still  more  troublesome,  into  the  passage  which 
connects  the  bell  and  cylinder ;  it  is  probably  condensed  there  when 
the  mercury  is  colder  than  the  atmosphere.  I  remove  this  by  connect- 
ing the  tube  of  K  with  a  desiccator  ;  setting  C  to  (r),  opening  K  and 
E,  and  by  working  the  air-pump  drawing  a  stream  of  dry  air  into  D, 
which  bubbles  up  through  the  mercury  in  the  passage,  and  at  last 
sweeps  away  all  trace  of  water  and  its  vapour.  In  this  operation  it  is 
necessary  to  remove  a  portion  of  the  mercury,  as  otherwise  it  would 
be  sucked  into  the  pump  ;  indeed  this  mischief  might  occur  in  ordi- 
nary work  by  some  mistake  in  the  manipulation — for  instance,  by 
leaving  E  open  with  (c).  To  prevent  the  possibility  of  this,  D  is 
connected  with  the  pump  by  a  mercury  trap,  easily  imagined,  which 
intercepts  any  of  that  metal  that  might  come  over.  And  lastly,  the 
interior  of  the  bell  must  be  perfectly  clean  if  the  highest  degree  of 
exhaustion  is  required.  This  state  is  obtained  by  washing  it  with 
strong  nitric  acid,  then  with  distilled  water,  and  when  quite  dry  wiping 
it  with  linen,  from  which  all  traces  of  soap  or  starch  have  been  re- 
moved by  boiling  it  in  rain-water.  Thus  we  reduce  to  a  minimum 
the  film  of  air  which  adheres  to  the  bell  even  when  filled  with  mer- 
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cnry,  and  lessens  its  vacuum.  When  all  these  precautions  were  taken, 
I  found  that  with  a  receiver  containing  3*7  inches,  the  fifth  opera- 
tion hrought  the  gauge  (which  had  been  similarly  cleaned  and  care- 
fully boiled)  down  to  0-01 .  The  sixth  brought  it  still  lower,  but  my 
present  means  of  measurement*  are  not  sufficient  to  determine  the 
precise  amount.  In  this  machine  the  old  air-pump  theorem  ought 
to  hold,  and  by  it,  with  the  fraction  ■^,  I  find  that  the  fifth  should 
give  0-007,  and  the  sixth  0-00 1-1  ;  so  that  the  presence  of  adhering 
air  is  still  sensible,  though  very  slight.  So  high  a  power,  however, 
is  not  long  maintained  ;  for  by  use,  and  especially  with  oxygen,  which 
(probably  from  the  presence  of  ozone)  has  a  peculiar  tendency  to 
dirty  mercury,  the  bell  becomes  soiled ;  but  it  continues  to  give  a 
vacuum  of  0"02,  which  is  quite  sufficient  for  ordinary  objects.  At 
common  ])ressure  and  temperature,  the  electric  discharge  through 
the  receiver  shows  no  evidence  of  the  presence  of  mercurial  vapour; 
but  at  002  it  is  otherwise;  the  discharge  is  greenish  white,  and  the 
spectrum  shows  little  except  the  lines  of  mercury.  If  the  gauge  were 
detached,  perhaps  this  vapour  might  be  absorbed  by  gold-leaf. 

The  apparatus  acts  well  as  a  mercurial  gas-holder,  and  can  deliver 
18*,5  inches.  Like  all  other  contrivances  for  confining  gaseous  matter 
by  mercury,  it  is  liable  to  have  its  contents  contaminated  with  air 
by  diffusion  between  the  metal  and  the  vessel  which  contains  it ;  but 
I  expected  that  in  this  arrangement  the  defect  would  be  little  felt. 
In  order  that  it  may  take  j)lace,  the  air  must  pass  a  distance  of  17*2 
inches,  of  which  14-G  is  a  tube  only  0-12.")  in  diameter,  and  the  rest 
is  in  a  vertical  direction  against  the  pressure  of  2" 6  inches  of  mer- 
cury. A  single  experiment  will  show  how  far  this  avails.  The  bell 
was  filled  witb  dry  hydrogen,  which  was  found  to  contain  0*90 1  of 
the  pure  gas  ;  it  was  left  for  ten  days  exposed  to  considerable  changes 
of  temperature,  and  was  then  found  to  have  0"8.J4  ;  it  was  there- 
fore contaminated  at  the  rate  of  0005  per  day.  I  am  not  aware  of 
similar  measures  with  ordinary  mercurial  apparatus ;  nor  is  this 
amount  of  error  very  important  ;  but  it  may  I  believe  be  corrected 
by  a  means  long  since  announced  by  the  late  Professor  Daniell  which 
has  been  strangely  neglected.  He  j)roposed  it  to  prevent  the  infil- 
tration of  air  into  barometers.  If  tbe  liquid  metal  adhered  to  the 
surface  which  it  touches,  as  water  would,  this  action  could  not  occur  ; 
now  it  wets,  if  I  may  use  the  word,  several  metals,  as  copper  or 
silver,  but  it  also  dissolves  them,  and  becomes  less  fluid.  Daniell, 
however,  found  that  it  does  ivet  platinum  without  acting  on  it  in 
any  injurious  degree ;  and  advised  that  a  ring  of  platinum  wire  should 
be  fused  round  the  tube  where  it  dips  into  its  cistern.  On  inquiring 
of  his  friend  and  fellow-labourer,  Dr.  W.  A.  Miller,  I  learn  that  it 
was  completely  successful,  but  was  not  taken  up  by  the  opticians, 
and  passed  out  of  memory.  It  is  obvious  that  if  a  bit  of  platinum 
tube  were  cemented  in  the  vertical  passage  below  D,  it  would  effec- 
tually bar  the  diffusion.  I  do  not  like  to  undo  the  joint  there, 
which  is  now  jjerfcctly  tight ;  but  I  will  certainly,  when  the  oppor- 
tunity offers,  try  the  experiment. 
*  A  micrometer  microscope  put  in  the  place  of  the  telescope  of  my  theodolite. 
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May  25,  1864. — W.  J.  Hamilton,  Esq.,  President, 
in  the  Chair. 

The  following  communications  were  read  : — 
1.  "  On  the  Geology  of  part  of  the  North-western  Himala}'-as.'' 
By  Capt.    Godwin- Austen.     With   Notes    on   the    Fossils,    by    T. 
Davidson,  Esq.,  F.ll.S.,  F.G.S.,  II.  Etheridge,  Esq.,  F.G.S.,  and 
S.  P.  Woodward,  Esq.,  F.G.S. 

The  geological  formations  occurring  in  these  regions  were  stated  to 
he  (1)  a  fluvio-lacustrine  series,  (2)  a  Siwalik  series,  (3)  Nummulitic 
Limestone,  (4)  .Jurassic  rocks,  and  (5)  a  Paleozoic  series.    In  refer- 
ence to  the  fluvio-lacustrine  strata,  the  author  gave  a  rcsitmc  of  the 
conclusions  respecting  their  physical  features  and  mode  of  formation 
at  which  he  had  arrived  in  a  former  ])aper,  and  in  addition  gave  some 
details  respecting  their  ])osition  and  stratigraphical  characters,  espe- 
cially describing  the  mode  of  occurrence  in  them  of  some  land  and 
freshwater  Shells,  which  were  referred  to  in  a  Note  by  Mr.  S.  P. 
Woodward.    The  lakes  in  which  the  lacustrine  deposits  were  formed 
were  supposed  by  Capt.  Godwin-Austen  to  have  been  produced  in 
consequence  of  the   mouths   of  valleys,  into  which  rivers  run,  be- 
coming blocked  up  by  means  of  glaciers  and  otherwise,  as  now  often 
happens  in  the  same  region.   Stratigi'aphical  details  of  the  other  series 
of  rocks  were  then  given,  the  Jurassic  formation  being  sujjposed  to 
belong  to  the  Middle  division  of  the  Oolites,  and  the  Palaeozoic  lime- 
stone being  described  as  Carboniferous  Limestone,  both  of  which  de- 
terminations were  confirmed  by  Messrs.  Etheridge  and  Davidson  in 
Notes  on  the  Fossils.     The  age  of  the  clay-slate  and  mica-slate  was 
stated  to  be  very  doubtful,  and  the  author  concluded  by  describing 
the  localities  in  which  granitic  rocks  occur,  but  chiefly  as  forming 
the  axis  of  the  North-western  Himalayas.     In  Notes  appended  to 
the   paper,   Mr.  Davidson   described    species   of  Brachiopoda  from 
three  deposits,  one  of  Carboniferous  age,  one  of  Jurassic,  and  one  of 
unknown  date  ;  Mr.  Etheridge  described  the  remaining  fossils  from 
the  Jurassic  strata;   and  Mr. Woodward  noticed  the  Shells  from  the 
fluvio-lacustrine  series.     While  the  latter  were  stated  to  be  nearly 
all  recent  British  species,    Mr.  Etheridge  remarked   on   the   great 
affinity  of  the  Jurassic  fossils  to  those  of  the  same   age   (Middle 
Oolite)  in  England,    and  Mr.  Davidson   observed   that  the  fossili- 
ferous  limestone  of  the  Carboniferous   series   bore   a  great  resem- 
blance, lithologically  and  in  its  fossils,  to  deposits  of  a  similar  age  in 
Great  Britain. 

2.  "  On  the  Cetacean  Fossils  termed  Ziphius  by  Cuvier,  with  a 
notice  of  a  new  species  {Belemnoziphius  compressiis)  from  the  Red 
Crag."     By  Prof.  T.  H.  Huxley,  F.R.S.,  F.G.S. 

The  genius  Ziphius,  as  originally  constituted  by  Cuvier,  contained 
three  species  described  by  him,  namely,  Z.  cavirostris,  Z.  plani- 
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rostris,  and  Z.  longirostris ;  but  it  is  probable  that  each  of  these  really 
belongs  to  a  distinct  genus — the  first  to  Ziphius,  the  second  to  Cho- 
neziphius,  and  the  last  to  the  author's  genus  Belemnoziphius.  More 
recently  iM.  Gervais  has  established  anew  species — Ziphius  Becanii 
— from  a  specimen  formerly  considered  to  belong  to  ^.  longirostris  ; 
and  this  species,  with  that  described  in  this  paper,  and  Professor 
Owen's  MS.  species,  were  also  considered  referable  to  Belemno- 
ziphius. 

Besides  the  foregoing  conclusions  respecting  the  affinities  of  the 
fossil  Rhynchoceti,  Professor  Huxley  discussed  the  relations  of  the 
recent  genera  and  species  belonging  to  the  same  group,  including 
the  cetacean  of  Aresquiers,  which  was  considered  by  Gervais  to 
belong  to  the  genus  Ziphius.  He  exhibited  these  relations  in  a 
tabular  form,  and  concUuled  by  stating  that  he  had  arrived  at  the 
following  results  : — 

1.  Unless  the  cetacean  of  Aresquiers  be  identical  with  Ziphius 
cavirostris,  all  the  Ziphii  of  Cuvier  belong  to  Cetacea  generally 
distinct  from  those  now  living. 

2.  If  the  cetacean  of  Aresquiers  be  identical  with  Ziphius  caviros- 
tris, it  is  not  certain  that  the  latter  is  truly  fossil ;  nor,  if  it  be  so, 
have  we  any  knowledge  of  its  stratigraphical  position. 

3.  Of  the  certainl}'  fossil  Ziphii,  the  stratigraphical  position  of 
Belemnoziphius  longirostris  is  unknown  ;  but  all  the  other  species  of 
that  genus,  and  Choneziphius  planirostris,  are  derived  from  the 
English  or  Antwerp  Crag,  and  are  not  known  to  occur  out  of  it. 

4.  So  that  at  present  we  are  justified  in  legHTding  Selemnoziphius 
and  Choneziphius  as  true  Crag  Mammals. 

June  8,  1864. — W.  J.  Hamilton,  Esq.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  On  the  Rhsetic  Beds  and  White  Lias  of  Western  and  Central 
Somerset,  and  on  the  Discovery  of  a  new  Fossil  Mammal  in  the  Grey 
Marlstones  beneath  the  Bone-bed."  By  W.  Boj'd  Dawkins,  Esq., 
B.A.,  F.G.S. 

After  describing  the  sections  in  the  district,  and  showing  the 
palseontological  relations  of  the  White  Lias  to  the  Avicula  contorta 
series  and  the  zone  of  Ammonites  planorbis,  the  author  enunciated 
the  following  conclusions  : — (1)  That  the  true  position  of  the  White 
Lias  is  immediately  above  the  Avicula  contorta  zone  of  Dr.  Wright, 
and  at  the  base  of  the  Lower  Lias  shales  ;  (2)  that  it  is  entirely 
distinct  from  the  Rha^tic  beds,  lithologically  and  palasontologically  ; 
and  (3)  from  the  discovery  of  llhaetic  fossils  in  the  Grey  Marls 
below  the  Bone-bed,  that  the  latter  belong  to  the  Rhaetic  formation. 
He  then  proceeded  to  describe  a  two-fanged  mammalian  tooth,  which 
he  had  found  in  the  Grey  Marlstones  below  the  Bone-bed,  and 
which  he  considered  to  be  the  analogue  of  the  trenchant  four- 
ridged  premolar  of  Hypsiprymnus ,  of  the  section  to  which  H.  Hun- 
teri  belongs.     Until  additional  remains  be  found,  its  affinities  to 
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Microlestes  or  to  Plagiaulax  cannot  be  determined  ;  Mr.  Dawkins  has 
therefore  named  it  provisionally  Hypsipr ymnopsis  Rhccticus.  In  con- 
clusion he  traced  the  range  of  the  Marsupials  in  space  and  time, 
showing  that  of  the  six  families  into  which  Van  der  Hoeven  divides  the 
existing  Marsupials,  two — the  entomophagous  and  sarcophagous 
Dasyurina,  and  the  phytophagous  Macropoda — had  been  rejjre- 
sented  in  England  during  the  interval  between  the  deposition  of 
the  Purbeck  beds  and  that  of  the  RhBetic  Marlstones  below  the 
Bone-bed. 

2.  "  On  the  Geological  Structure  of  the  Malvern  Hills  and  ad- 
jacent District."     By  Harvey  B.  Holl,  M.D.,  F.G.S. 

The  object  of  this  communication  was  threefold,  namely  (1)  to 
discuss  the  structure  and  origin  of  the  crystalline  rocks  of  the  Mal- 
vern Hills,  (2)  to  give  the  results  of  an  examination  of  the  super- 
posed Palaeozoic  strata,  (3)  to  state  the  chronological  relationship 
of  the  several  events  in  their  geological  history. 

The  geological  structure  of  these  hills  was  described  in  detail, 
and  it  was  concluded  that  the  rocks  hitherto  treated  of  as  syenite, 
and  supposed  to  form  the  axis  of  the  range,  are  in  reality  of  meta- 
morphic  origin,  consisting  of  gneiss  (both  micaceous  and  horn- 
blendic),  mica-schist,  hornblende-schist,  &c.,  all  invaded  by  vein  of 
granite  and  trap-rocks.  It  was  then  shown  that  the  HoUybush 
Sandstone  is  the  equivalent  of  the  Middle  Lingula-flags,  and  that 
the  overlying  black  shales  correspond  with  the  Upper  Luigula-beds, 
the  whole  being  overlain,  as  in  Wales,  by  Dictyonema-shales.  These 
rocks,  on  the  east  of  the  Herefordshire  Beacon,  are  altered  by  trap- 
dykes,  which  were  shown  to  be  of  later  date  than  those  traversing 
the  crystalline  rocks  before  alluded  to.  Allusion  was  next  made  to 
the  Upper  Llandovery  strata  which  overlie  unconformably  the  primor- 
dial rocks  just  noticed,  after  which  the  several  faults  in  the  district 
were  described  in  detail. 

Dr.  Holl  concluded  with  some  remarks  on  the  general  relations  of 
the  rocks  of  the  Malvern  Hills  with  those  of  the  surrounding  dis- 
tricts, describing  the  successive  physical  changes  supposed  to  have 
been  consequent  upon  their  deposition  and  their  subsequent  eleva- 
tions and  depressions. 


XXVIII.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ROTATORY  POWER  OF  ACTIVE  LIQUIDS  AND  OF  THEIR 
VAPOURS.       BY  M.  D.  GERNEZ. 

WHEN  Biot,  in  1815,  was  accidentally  led  to  the  discovery  of  ro- 
tatory polarization  in  liquids,  he  soon  recognized  in  this  re- 
markable phenomenon  all  the  characters  of  a  property  dependino-  on 
the  individual  form  of  the  molecules.  Among  the  experiments  which 
he  devised  to  exhibit  this  phenomenon,  the  best  consisted  in  volati- 
lizing an  active  liquid  (oil  of  turpentine)  and  causing  a  ray  of  pola- 
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rized  light  lo  traverse  the  vapour.  After  manj-  fruitless  attempts, 
Biot  finally  succeeded  in  establishing  the  existence  of  the  rotatory 
power  of  the  vapour  of  the  oil,  wlien  an  explosion  and  a  fire  destroyed 
his  apj)aratus.  Either  hecause  this  experiment  presented  too  many 
dangers,  or  because  its  arrangement  appeared  too  difficult,  it  has  not 
been  repeated  since  1818.  It  remained,  however,  to  inquire  if  the 
rotating  power  is  the  same  in  magnitude  and  in  direction  in  the. 
vapour  and  in  the  liquid  which  has  produced  it ;  nor  was  it  uninter- 
esting to  determine  the  law  of  disj^ersion  of  the  planes  of  polariza- 
tion of  rays  of  various  colours  under  these  two  different  conditions. 
Such  was  the  object  of  my  researches,  which  doubtless  I  could  not 
have  executed  without  the  kind  encouragement  of  MM.  Pasteur 
and  Verdet,  and  the  resources  which  the  laboratory  of  the  Ecole 
Normale  Supericure  presented. 

Some  preliminar}'  experiments  made  with  the  vapours  of  essence 
of  turj)cntine  and  of  camphor,  by  means  of  a  tube  15  metres  in  length, 
heated  by  a  series  of  gas  jets,  showed  that  the  rotatory  power  pre- 
vails in  vajiours  in  the  same  direction  as  in  liquids.  The  magnitude 
of  the  rotation  was  sufficient  to  allow  me  to  reduce  the  length  of 
the  tube  to  4  metres,  and  to  arrange  it  so  that  the  temperature  was 
uniform  from  one  end  to  the  other.  -But  working  upon  liquids  of 
considerable  rotatory  power,  I  could  see  that  the  numbers  represent- 
ing the  molecular  rotatory  powers  of  the  vapours  were  much  less 
than  those  corresponding  to  liquids  condensed  at  the  ordinary  tem- 
perature ;  I  was  thus  led  to  investigate  whether  the  molecular  rota- 
tory power  of  these  essences  did  not  vary  with  the  temperature. 

These  liquids  were  examined  at  various  temperatures,  with  special 
api)aratus,  and  by  methods  the  description  of  which  will  be  found 
elsewhere.  I  will  merely  remark  that  I  decided  to  work  on 
essences  as  homogeneous  as  possible  ;  and  as  liquids  always  slightly 
alter  when  kept  for  several  hours  at  high  temperatures,  I  commenced 
these  determinations  at  lower  temperatures. 

Representing  by  (a)  the  molecular  rotatory  power  at  the  tempe- 
rature t,  the  determinations  made  uy)  to  160°  are  contained  in  the 
following  formulas : — 


Bays. 

Essence  of  orange  values 

of  (a). 

Essence  of  bigarade  values 
of(«). 

Essence  of  tunientine 
values  of  (a). 

c 

D 
E 
F 
G 

!)b-45-0-0893('-0  000054^- 
115-91 -01237/ -0000016/- 
148-82 -0'1585/-0-000028/- 
18O-67-0-1979/-O-0000O1/- 
241-20-0  23S1/- 0-0001 81/- 

02-79-0-1041/-0000106/= 
1 1 8-55  -  01 1 75/ -0-000216/- 
153-81 -0-1667/-0  000198/- 
186-89-0-2162/ -0000152/- 
249-33  -  0-2638/  -  0-000403/-^ 

2°8-29- 0-003 187/ 
36-61-0-004437/ 
46-29-0006187/ 
55-00-0-007000/ 
7101-0-008437/ 

The  molecular  rotatory  power  may  thus  be  expressed  as  a  function 
of  the  temperature  by  the  ])arabolic  formula  a  —  bt — cf,  a  being  very 
small  for  the  essences  of  orange  and  bigarade,  and  virtually  zero  for 
essence  of  turpentine. 

If  the  values  of  (a)  are  compared  for  the  same  temperature  and  for 
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the  different  rays  of  the  spectrum,  it  is  seen  that  the  essences  of 
orange  and  of  bigarade  diverge  much  more  than  essence  of  turpen- 
tine from  the  hiw  of  the  inverse  ratio  of  the  square  of  the  wave- 
length ;  the  product  («)A""  varies  in  fact  from  the  ray  C  to  the  ray 
G  by  about  one-seventh  of  its  vahie  in  the  case  of  essences  of  orange 
and  of  bigarade,  while  the  variation  is  only  one-fifteenth  in  the  case 
of  essence  of  turpentine. 

The  ratio  of  the  rotatory  ])owers  for  the  same  ray  is  taken  at  any 
two  temperatures  ;  it  is  found  to  be  the  same  whatever  ray  of  the 
spectrum  be  considered  ;  it  is  thus  easily  deduced  that  the  law  of 
the  dispersion  of  the  planes  of  polarization  of  ravs  of  different  colours 
is  the  same  for  all  temperatures. 

The  preceding  liquids,  like  camphor,  were  brought  to  the  state 
of  vapour  in  a  tube  4  metres  in  length,  surrounded  by  a  jacket, 
which  could  be  raised  to  any  temperature  by  means  of  a  series  of 
gas-jets.  I  measured  the  rotations  produced  by  this  column  of 
vapour,  and  I  compared  them  with  those  that  would  be  produced  by 
a  certain  length  of  the  liquid  arising  from  the  condensation  of  the 
vapour.     The  following  Table  refers  to  this  series  of  experiments  : — 


Essence  of  orange. 

Essence  of  bigarade. 

Essence  of  turpentine- 

Camphor. 

Rays. 

Va- 
pour. 

Li- 
quid. 

Ratio. 

Va-       Li-     1        . 
pour.     quid.     Ka"o- 

Va- 
pour. 

Li- 
quid. 

Ratio. 

Va- 
pour. 

Li- 
quid. 

Ratio. 

/ 

/ 

/'/ 

\ 

\ 

/ 

/ 

c 

° 

o 

'7°74  36-08   4-66 

4°36  13°-03    2-99 

6-89 

19°43 

2-82 

n 

12-10  45-1)71  4-14 

9-83  460(;   4-69 

5-57  16-59    298 

9-44 

26-71 

2-83 

E 

14-39  59-57;  415 

12-75  59-54    4-67 

7-09  21-08    2-97 

13-36 

37-82 

2-83 

F 

17-40  72  24    4-14 

15-37  71-61    4-66 

8-36  24-96    2-99 

17-7 

5012 

2-82 

G 

23-44  97-)9   415 

20  75  96-03   4-66 

10-96  32-68   2-98 

28-11 

79-62 

2-83 

The  ratio  of  the  rotations  for  the  same  ray  in  the  two  conditions 
is  the  same  for  all  rays  of  the  spectrum,  the  difference  being  less 
than  the  errors  of  observation ;  hence  it  may  be  concluded  that  the 
law  of  dispersion  is  independent  both  of  the  temperature  and  of  the 
condition  of  the  body. 

It  remained  to  follow  the  variation  of  the  molecular  rotatory 
power  after  the  change  of  condition.  For  this  determination,  which 
necessitates  experimental  precautions  that  I  cannot  here  enumerate, 
I  used  the  observation  of  the  sensible  tint,  the  use  of  which  is  justi- 
fied by  the  preceding.  The  measurement  being  made  when  the 
tube  was  saturated  with  vapour  at  a  known  temperature  and  pres- 
sure, the  vapour  was  expelled  by  a  current  of  carbonic  acid ;  it  was 
condensed,  and  the  molecular  rotatory  power  of  the  liquid  deter- 
mined at  various  temperatures.  For  essence  of  turpentine  and  for 
camphor,  the  molecular  rotatory  power  of  the  vapour  is  almost 
exactly  the  same  as  that  of  the  liquid  supposed  to  be  at  the  same 
temperature  ;  for  the  essences  of  orange  and  of  bigarade  it  is  a  little 
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less,  and  the  curve  which  represents  it  continues  to  approach  the 
axis  of  the  temperatures  in  the  part  which  corresponds  to  the  state 
of  vapour. 

In  fine,  the  rotatory  power  of  substances  which  I  have  studied  for 
a  definite  ray  of  the  spectrum  is  not  a  constant ;  it  varies  regularly 
with  the  temperature,  and  changes  neither  direction,  nor  virtually 
intensity,  when  the  liquid  passes  into  the  state  of  vapour. 

For  rays  of  different  colours,  the  law  of  the  deviation  of  the  planes 
of  polarization  is  independent  of  the  temperature  and  of  the  condi- 
tion of  the  substance. 

If,  then,  it  be  admitted  that  the  rotatory  power  of  active  sub- 
stances depends  on  their  molecular  structure,  it  may  be  concluded 
from  the  preceding  that  the  liquid  molecules  vaporize  without  any 
modification  taking  place  in  their  form. — Comptes  Rendus,  June  13, 
1864. 


INVERSION  OF  THE  ABSORPTION  BANDS  IN  THE  SPECTRUM  OP 
DIDYMIUM.       BY  R.   BUNSEN. 

By  an  experiment  which  I  have  made  at  the  instance  of  Professor 
KirchhofF,  I  have  succeeded  in  changing  the  dark  lines  which  the 
absorption  spectrum  of  solutions  of  oxide  of  didymium  shows  into 
bright  lines.  If  a  small  quantity  of  oxide  of  dulymium  is  heated 
with  microcosmic  salt  at  a  red  heat  until  the  mass  is  free  from  gas- 
bubbles  and  has  become  transparent,  an  amethyst-coloured  glass  ia 
obtained  on  cooling,  which,  held  between  the  slit  of  the  spectrum- 
apparatus  and  the  source  of  light,  produces  the  characteristic  ab- 
sorption spectrum  of  didymium  compounds.  As  source  of  light,  an 
ignited  platinum  wire  as  fine  as  a  hair  is  used,  the  image  of  which, 
by  means  of  a  small  lens  of  short  focal  distance,  is  made  to  fall  upon 
the  slit  in  a  suitable  manner.  If  then  the  didymium  glass  melted  in 
a  platinum  spiral  is  brought  between  the  source  of  light  and  the  lens, 
the  stronger  absorption  lines  of  didymium,  and  more  especially  the 
chief  band  aDi  near  Fraunhofer's  line  D,  are  seen  in  the  spectrum- 
apparatus  with  perfect  distinctness.  If  the  didymium  glass  in  the 
spiral  (which  issustained  by  a  holder)  is  gradually  heated  by  a  non- 
luminous  flame  held  below  it,  so  long  as  a  red  heat  has  not  been 
attained  the  band  aUi  is  seen  to  become  gradually  broader.  If  the 
temperature  is  raised  to  a  continually  increasing  red  heat,  the  dark 
band  diminishes  more  and  more  in  darkness,  and  finally  entirely  dis- 
appears. If  now  the  platinum  wire  which  serves  as  hindermost 
source  of  light  is  removed,  a  spectrum  of  the  fused  ignited  didymium 
glass  appears,  which  has  exactly,  in  the  position  of  the  dark  band 
aDi  in  the  absorption  spectrum,  a  similarly  shaped  bright  line  on  a 
dark  ground.  Indications  of  a  similar  inversion  may  also  be  perceived 
in  the  other  absorj)tion  lines  of  the  same  spectrum. 

Professor  Bahr  in  Upsala  made  two  years  ago  the  interesting 
observation  that  the  salts  of  the  metals  occurring  along  with  yttrium, 
and  designated  by  Mosander  erbium  and  terbium,  give  remarkable 
absorption  spectra  which  are  wanting  in   solutions  of  pure  yttria. 


Intelligence  and  Miscellaneous  Articles.  247 

Among  the  lines  of  these  spectra  first  observed  by  Bahr,  and  used 
as  tests,  there  is  one  of  great  intensity,  which  is  readily  changed 
into  a  bright  band  in  the  manner  described. — Liebig's  Annalen, 
August  1864. 


ON  A   NEW  POLARIZING  PRISM.       BY  PROF.  H.  W.  DOVE. 

This  contrivance  consists  of  an  isosceles  right-angled  prism  of  calc- 
spar,  one  of  whose  equal  sides  is  perpendicular  and  the  other  parallel 
to  the  optic  axis  of  the  crystal,  and  therefore  the  hypothenuse-side 
at  an  angle  of  45°  with  it.  This  rhombohedron-surface  occupies 
the  axis  of  the  polarizing-apparatus  previously  constructed  by  the 
author,  instead  of  the  Nicol's  prism  which  is  otherwise  placed  there, 
so  that  the  light  of  a  lamp,  concentrated  by  a  condensing  lens,  arrives 
at  the  analyzing-apparatus  after  having  suffered  two  refractions  at 
the  equal  surfaces  of  the  prism  and  one  total  reflexion  at  the  hypo- 
thenuse-surface.  The  large  quantity  of  light  admitted  by  the  appa- 
ratus renders  practicable  the  employment  of  the  most  deeply  coloured 
glasses,  in  order  to  obtain  the  perfectly  definite  separation  of  the 
various  homogeneous  systems  of  rings.  It  can  also  be  used  with 
advantage  in  the  polarizing  microscope,  and  for  the  production  of 
the  systems  of  rings  on  a  white  screen  by  means  of  solar  or  the  elec- 
tric light.  This  prism,  which  acts  like  a  Nicol,  has  been  ground 
according  to  my  directions  by  M.  LanghofF,  the  optician. — Poggen- 
dorff's  Annalen,  vol.  cxxii.  p.  18. 


ON  THE  OPTICAL  PROPERTIES  OF  CARTHAMINE. 
BY  PROP.   H.  W.  DOVE. 

In  the  Proceedings  of  the  Berlin  Academy  for  1857,  page  209,  I 
have  described  a  method  of  combining  the  visual  impressions  made 
upon  the  two  eyes  simultaneously  so  as  to  produce  the  appearance  of 
a  vivid  chromatic  lustre  in  substances  which,  when  illuminated  in 
the  usual  way,  show  no  trace  of  it.  The  method  consists  in  holding  a 
piece  of  differently  coloured  glass  before  each  eye,  and  looking  through 
both  at  a  picture  in  which  the  colours  of  the  two  pieces  of  glass  are 
so  combined  that  a  figure  is  executed  in  one  colour  upon  a  ground  of 
the  other  colour.  This  reminded  me  that  the  so-called  shot  silks,  in 
which  the  warp  and  weft  are  of  different  colours,  as  well  as  the 
wings  of  certain  beetles,  and,  lastly,  the  dichroic  platinum-compounds 
examined  by  Haidinger,  especially  those  which  are  of  a  bright  green 
by  reflected  light,  and  a2)pear  deep  red  by  transmitted  light,  produce 
the  impression  of  a  lustre  which  approaches  very  closely  to  that  of  a 
metal.  In  like  manner  a  metallic  lustre  already  possessed  by  a  sur- 
face is  distinctly  heightened  by  combination  with  another  colour,  as 
is  clearly  shown  when  the  surface  becomes  covered  with  a  film  of 
oxide,  or  is  covered  with  a  galvanic  deposit  thin  enough  to  exhibit  in- 
terference tints.  To  the  same  class  of  phenomena  belong  also'  the 
favourable  changes  in  our  impression  of* the  colour  of  newly  cast 
statues  when  they  are  allowed  to  stand  exposed  to  the  atmosphere. 
If  these  changes  take  place  quickly,  they  soon  lose  in  beauty  through 
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the  darkening  of  the  surface  ;  and  hence  we  see  that  the  colours  must 
cooperate  in  a  definite  ratio  in  order  to  excite  the  most  favourable 
impression. 

It  is  well  known  that  the  imperfectly  pure  carthamine, which  occurs 
in  commerce  in  pinh  saucers,  has  a  yellowish  metallic  lustre  when 
allowed  to  dry  in  a  saucer,  and  that  in  time  it  becomes  greenish  at 
the  surface.  Carthamine  spread  upon  glass  plate?  exhibits  a  lironze- 
like  iridescence  which  afterwards  disappears.  Dr.  Stahlschmidt 
very  kindly  prepared  for  me  a  series  of  glass  plates  upon  w'hich  pure 
carthamine  was  spread  with  the  greatest  possible  evenness.  On  look- 
ing through  one  of  these,  the  whole  plate  appears  of  a  deep  red.  On 
looking  at  a  plate,  coated  on  one  side  only,  by  reflected  light,  the 
coated  side  being  below,  the  glass  plate  appears  uniformly  green. 
But  if  the  plate  is  reversed,  so  that  the  daylight,  to  which  the  back 
of  the  plate  is  turned,  is  reflected  by  the  layer  of  carthamine,  the  ob- 
server would  fancy  he  was  looking  at  a  plate  of  polished  brass.  If 
carthamine  is  spread  upon  a  plate  of  blue,  yellow,  red,  or  green  glass, 
the  green  colour  seen  by  reflexion  in  the  first  case  disaj)pears,  but 
the  metallic  lustre  seen  in  the  second  case  remains  unchanged.  This 
latter  therefore  is  produced  by  the  combination  of  the  reflected  green 
light  with  the  internally  dispersed  red  light. 

The  reflected  green  light  appears  with  increased  intensity  if  the 
plate,  placed  in  such  a  position  that  the  side  coated  witb  carthamine 
is  below,  is  looked  at  through  aXicol's  prism  or  through  one  of  the 
polarizing  prisms  above  described  (p.  247).  This  acts  in  the  plane  of 
reflexion  like  a  Nicol's  prism  perpendicularly  to  the  principal  section. 
The  cause  of  heightening  of  the  colour  thus  occasioned  is,  that  the 
light  polarized  in  the  plane  of  reflexion,  by  the  outer  surface  of  the 
glass,  is  got  rid  of.  On  the  contrary,  if  the  layer  of  carthamine  is 
uppermost,  the  yellowish  light  gradually  becomes  more  and  more 
nearly  green  as  the  Nicol  is  turned  round.  Carthamine  very  slightly 
depolarizes  transmitted  polarized  light,  and,  when  the  light  is  inci- 
dent at  a  very  oblique  angle,  venders  it  elliptically  polarized. 

I  may  take  this  opportunity  of  remarking  that  the  polarizing  prism 
described  by  me  is  especiall}''  well  adapted  for  experiments  with 
radiant  heat.  I  have  often  exposed  it  to  the  concentrated  heat  of 
the  sun  until  the  cork  into  which  it  was  fitted  began  to  burn,  with- 
out the  prism  itself  being  in  any  way  injured.  In  using  a  Nicol's 
prism  in  saccharimetrical  experiments,  the  prism  is  often  injured,  if 
a  flame  is  brought  very  close  to  it,  by  the  connecting  layer  of  Canada- 
balsam  becoming  blistered.  The  same  applies  to  experiments  on  the 
polarization  of  radiant  heat.  When  employed  as  analyzing- appa- 
ratus, a  Nicol's  prism  has  the  advantage  that  the  object  remains 
erect,  while  in  mine  the  reflected  image  rotates.  The  latter,  how- 
ever, possesses  the  recommendation  for  a  polarizing-apparatus  of 
offering  a  large  field  of  view.  It  is  preferal)le  to  Foucault's  prism, 
since  in  this  moisture  is  apt  to  be  precipitated  in  the  separating 
stratum  and  to  render  the  surface  dull,  whereas  in  mine  the  surfaces 
can  at  all  times  be  easily  cleaned. — Poggendorff's  Annalen,  vol.  cxxii, 
p,  454. 
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XXIX.  On  the  Photograpinc  Use  of  a  Silcered-Glass  Rcfleciinfj 
Telescope.  By  Henry  Draper,  M.D.,  Professor  of  Natural 
Science  in  the  Universiiij  of  New  lor/c*. 

SINCE  the  introduction  of  mirrors  of  silvered  glass  for  astro- 
nomical uses  by  Foucault  and  Steiuheil,  tliey  have  conti- 
nually increased  in  favour,  and  have  now  assumed  very  consider- 
able importance.  As  a  testimonial  to  their  efficiency,  1  may  state 
that  one  of  15i  inches  a})erture  has  furnished  me  the  means  of 
producing  photographs  of  the  moon  50  inches  in  diameter,  well 
defined,  and  of  good  general  effect. 

My  attention  was  first  directed  to  them  in  18G0,  owing  to 
some  remarks  made  by  Sir  J.  F.  W.  Herschel  to  my  father.  I 
had  at  that  time  a  reflector  of  speculum-metal  of  15  inches  aper- 
ture and  12  feet  focal  length,  mounted  in  an  observatory  which 
was  described  in  a  paper  read  at  the  Oxford  Meeting  of  the 
British  Association  in  1860.  Soon  afterwards  the  speculum 
was  I'eplaced  by  a  silvercd-glass  mirror  of  15,^  inches  aperture 
and  13^  feet  focal  length,  which  I  had  ground,  polished,  and 
silvered.  Since  then  more  than  a  hundred  mirrors  have  been 
prepared  in  my  workshop,  in  order  to  secure  two  of  the  highest 
perfection.  The  full  account  of  these  operations,  illustrated  by 
forty-seven  woodcuts,  has  just  been  published  by  the  Smithsonian 
Institution  at  Washington,  in  the  '  Contributions  to  Science.' 

In  the  past  four  years  many  opportunities  have  presented 
themselves  for  learning  the  qualities  of  these  instruments,  what 
their  defects  and  advantages  are,  and  the  best  means  of  con- 
structing them.     When  the  eye  has    become   experienced  in 

*  Communicated  by  the  Author. 
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judging  of  faults,  and  the  hand  quick  at  correcting  them,  a 
short  time  suffices  to  bring  the  glass  concave  to  a  state  of  per- 
fection. If  the  rough  grinding  be  completed,  and  the  convex 
tool  put  into  good  condition,  a  single  day  should  finish  the 
surface. 

In  the  beginning  of  the  experiments,  one  of  the  most  serious 
difficulties  encountered  was  that  arising  from  the  irregular  dis- 
tribution of  heat  through  the  mass  of  the  disk  of  glass.  When, 
for  instance,  a  mirror  of  15 1  inches  is  polished  by  a  pitch  tool 
of  the  same  size,  it  is  hard  to  avoid  the  production  of  rings  of 
varying  focal  length,  owing  to  the  overplus  of  heating  towards 
the  middle.  Where  the  tests  are  applied  at  the  centre  of  cur- 
vature, and  the  operator  does  not  have  to  depend  on  indications 
derived  from  telescopic  observation,  these  and  similar  imperfec- 
tions are  much  more  easily  detected  and  avoided  than  where 
they  have  to  be  disentangled  from  atmospheric  disturbances. 

Another  obstacle,  which  proved  to  be  formidable  at  first,  was 
the  unequal  amount  of  compression  that  disks  of  glass  and  spe- 
culum-metal suffer  when  supported  on  different  parts  of  their 
edges.  In  all  the  large  disks  examined,  there  has  been  a  dia- 
meter of  minimum  compressibility,  which  ought  to  be  kept 
always  vertical.  If  set  horizontally,  the  mirror  immediately 
gives  double  images. 

As  regards  the  best  machine  for  producing  parabolic  surfaces, 
the  experience  of  six  years  on  several  different  ones,  including 
those  of  Lord  Rosse  and  Mr.  Lassell,  has  brought  me  to  the 
conclusion  that  the  most  satisfactory  results  are  to  be  obtained 
only  by  employing  polishers  of  much  less  diameter  than  the 
surface  to  be  produced — a  method  of  working  first  published  by 
M.  Foucault.  A  better  mirror  can  be  made  by  small  local 
polishers  moved  by  the  hand,  than  by  a  full-sized  polisher  moved 
by  any  machine  that  I  have  tried.  This  is  due  to  the  complete 
control  that  the  operator  gains  over  the  distribution  of  heat  and 
moisture,  and  to  the  power  of  rubbing  away  only  those  parts 
which  are  necessary  to  be  removed  in  order  to  extricate  the 
parabolic  surface  below.  The  method  resembles  that  of  scra- 
ping used  by  mechanics  to  produce  true  planes.  At  the  same 
time  a  thorough  knowledge  of  the  appearance  of  spherical,  ellip- 
tical, parabolic,  hyperbolic,  and  other  surfaces  at  the  centre  of 
curvature  must  be  gained.  I  have  also  polished  several  mirrors 
which  could  only  bring  oblique  pencils  to  a  sharp  focus,  and 
which  were  suitable  for  the  Herschelian  construction,  the  amount 
of  the  obliquity,  2°  30',  just  carrying  the  image  to  the  edge  of 
the  tube.  Some  of  the  best  lunar  photographs  were  taken  when 
the  diagonal  mirror  of  the  Newtonian  was  6  inches  out  of  cen- 
tre in  the  16-inch  tube. 
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Many  different  processes  for  silvering  glass  have  been  pro- 
posed, some  I'equiring  the  aid  of  heat,  others  doing  as  well  cold. 
Those  of  M.  Cimeg  and  Professor  A.  Martin  have  given  the 
most  satisfactory  results.  The  reducing  agents  are  respectively 
Rochelle  salt  and  cane-sugar  {interverti).  As  the  formula  may 
be  of  use  to  those  interested  in  the  matter,  they  are  appended. 
For  silvering  a  15|-inch  mirror,  about  22  ounces  of  liquid  are 
needed.  In  Ciineg^s  process,  800'grains  of  nitrate  of  silver  must 
be  dissolved  in  4  ounces  of  water,  and  ammonia  added  until  the 
precipitated  oxide  of  silver  is  almost  redissolved.  In  another 
vessel,  560  grains  of  tartrate  of  potash  and  soda  are  to  be  placed 
with  17  or  18  ounces  of  v/ater.  The  concave  surface  of  the 
glass  must  be  thoroughly  cleaned  with  nitric  acid  and  water,  and, 
when  dry,  coated  with  uniodized  collodion,  and  the  film  polished 
off  with  cotton  flannel.  The  liquids  being  mixed  are  then  to  be 
poured  into  a  shallow  vessel  of  hard  india-rubber,  and  the  glass 
immersed  face  downwards,  the  back  standing  out  of  the  liquid 
and  being  freely  exposed  to  daylight  or  sunlight.  The  same 
precautions  are  necessary  to  avoid  streaks  as  in  the  case  of  a 
collodion  negative.  The  silver,  when  polished,  should  be  about 
2lH)Too~o  ^f  ^^  i'^c^^  thick,  and  should  show  the  sun  by  trans- 
mitted light  as  a  light-blue  disk. 

In  Professor  Martin's  process  only  100  grains  of  nitrate  of 
silver  are  required.  The  formula  is  to  dissolve  the  nitrate  in 
water,  add  ammonia  till  the  brown  oxide  redissolves  completely, 
then  pour  in  slowly  80  grains  of  caustic  soda  in  solution.  If 
this  produces  a  precipitate,  the  quantity  of  ammonia  must  be 
increased.  The  reducing  agent  is  procured  by  boiling  12|  parts 
of  white  sugar  in  100  parts  of  water  with  1  part  of  nitric  acid, 
and  adding  water  to  make  500  parts  with  50  parts  of  alcohol. 
Two  ounces  and  a  half  of  this  liquid  are  to  be  mixed  with  the 
previous  solution  just  before  the  glass  is  immersed.  The  draw- 
back to  this  process,  as  compared  with  Cimeg's,  is  that  there  are 
often  many  minute  holes  in  the  silver,  particularly  if  the  solu- 
tions have  been  fi'eshly  prepared.  They  cannot  be  avoided  by 
previous  filtration. 

The  durability  of  silver  films  under  favourable  circumstances 
is  quite  surprising.  When  not  exposed  to  sulphuretted  hydrogen, 
they  do  not  show  any  disposition  to  tarnish,  and,  all  things  con- 
sidered, are  more  lasting  than  the  polished  specula  that  are  in 
the  observatory.  These  latter  are  apt  to  accumulate  a  yellow 
film,  which  interferes  as  seriously  with  their  photographic  power 
as  does  the  reddish  colour  so  strongly  seen  in  Gregorians  and 
Newtonians  when  the  copper  and  tin  are  incorrectly  propor- 
tioned. The  silvered  surfaces  however,  are,  occasionally  liable 
to  an  accident  which  does  not  afifect  the  others.     A  series  of 
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minute  fissures  will  spread  all  over  them,  and  the  silver  seem  to 
lose  its  adhesion  to  the  glass.  This  appears  to  arise  from  con- 
tinued exposure  to  dampness,  and  may  be  obviated  by  covering 
the  concave  surface,  when  not  in  use,  with  a  ])late  of  flat  glass, 
the  edge  of  the  concave  being  ground  flat.  The  diagonal  mirror 
of  my  Newtonian  is  not  subject  to  this  difficulty,  owing  to  the 
free  ventilation  and  greater  warmth  in  its  neighbourhood.  The 
lower  story  of  the  observatory  was  contrived  to  keep  the  large 
metal  speculum  at  a  uniform  temperature,  and  is  excavated  out 
of  the  solid  rock.  Being  cool,  it  communicates  to  objects  put 
in  it  a  tendency  to  condense  moisture  from  the  warmer  air  that 
enters.  It  is  obvious  tliat  an  observatory  for  a  silvered-glass 
instrument  shovdd  be  altogether  above  ground,  and  not  cooler 
than  the  adjacent  air. 

The  vapours  which  arise  from  fresh  paint  exercise  a  prejudicial 
cft'ect,  in  dci)ositing  upon  the  surface  a  somewhat  greasy  film. 
After  repainting  the  interior  of  the  buildings,  it  became  neces- 
sary to  expose  tlie  large  concave  several  times  to  the  sun,  and 
rejjolish  it  to  keep  it  in  working  order.  In  the  course  of  three 
months  the  trouble  sensibly  disappeared,  the  present  mirror  not 
ha\  ing  been  taken  ofl'  its  air-sac  since  spring,  nor  will  it  require 
to  be  moved  for  a  long  time. 

The  reflecting  power  of  silver  films  varies  considerably  with 
the  method  of  preparation.  When  deposited  from  alcoholic  solu- 
tions in  the  manner  recommended  by  J\I.  Foucault,  they  have 
frequently  a  leaden  a])pearance,  while  the  two  processes  just 
described  give  surfaces  of  velvety  blackness  in  oblique  po.<itions, 
and  certain  to  show  objects  in  their  natural  colours.  This  dulness 
results  probably  from  the  presence  of  foreign  matters  incorporated 
with  the  silver,  as  is  shown  by  the  fact  that  when  such  a  film  is 
dissolved  off'a  piece  of  glass  with  nitric  acid,  an  insoluble  reddish 
powder  is  left. 

For  the  purposes  of  celestial  photography,  a  silvered-glass 
telescope  ofi"ers,  without  doubt,  the  greatest  advantages.  Not 
only  is  it  less  difficult  to  manage  than  a  speculum,  but  its  higher 
reflecting  power  materially  shortens  the  time  of  exposure  of  the 
sensitive  plate.  The  superiority  of  any  reflector  to  an  achro- 
matic is  of  course  too  well  known  to  require  mention.  I  have 
no  doubt  that  they  will  in  future  be  constructed  of  much  larger 
size  than  any  speculum  yet  made,  the  intrinsic  difficulties  being 
much  less.  The  glass  need  only  weigh  one-eighth  as  much  as 
the  metal.  They  are  also  more  permanent;  for  if  by  accident 
the  silver  should  be  injured,  it  is  only  a  morning's  work  to  dis- 
solve away  the  old  film  and  replace  it  by  a  new  one,  which  will 
copy  the  glass  below  with  so  much  accuracy  that  the  most  refined 
tests  (such  as  that  with  an  eclipsing  screen  at  the  centre  of  cur- 
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vatuvc)  will  fail  to  indicate  any  change  in  figure.  The  glass 
covered  by  metal  is  even  more  durable  than  a  lens. 

However,  unless  the  astronomer  can  have  access  to  a  much 
steadier  atmosphere  than  prevails  at  Hastings  near  New  York, 
where  my  observatory  is,  there  would  be  but  slight  inducement 
to  build  a  very  large  instrument.  In  the  nine  months'  interval 
between  March  and  December  1863,  only  three  really  fine  nights 
occurred,  when  the  best  lunar  negatives  could  be  taken.  Up  to 
the  present  date,  September  1864,  there  has  not  been  a  single 
occasion  this  year  on  which  the  results  of  the  past  one  could  be 
exceeded.  The  good  nights  have  been  during  the  absence  of  the 
moon.  If  the  instrument  could  be  transported  to  the  Peruvian 
plateaus,  15,000  feet  above  the  sea,  or  somewhere  near  the 
equator  on  the  rainless  west  coast  of  South  America,  it  could 
accomplish  more. 

Notwithstanding  these  impediments,  I  have  succeeded,  as  has 
already  been  stated,  in  making  some  photographs  of  the  moon 
50  inches  in  diameter,  and  many  of  smaller  sizes.  In  order  to 
take  advantage  of  a  steady  night  when  it  docs  occur,  it  is  neces- 
sary to  get  photogra])hs  whenever  it  is  clear,  so  as  to  kcc])  the 
chemicals  and  clock  in  the  best  order.  For  this  reason  about 
1500  original  negatives  were  made  in  1862  and  1863.  A  sin- 
gular cause  has  this  summer  led  to  the  loss  of  a  great  deal  of 
time.  Owing  to  an  excessive  drought,  the  woods  have  been  on 
fire  in  many  places,  and  have  communicated  to  the  atmosphere 
the  power  of  stopping  the  larger  portion  of  the  chemical  rays. 
The  moon  of  June  19  required  an  exposure  of  ten  minutes  to 
secure  an  impression,  which  was  not  more  vigorous  than  one  of 
that  phase  taken  in  vj^^^^  ^^  ^^^^  time  usually  is.  On  the  next 
night  two  seconds  were  sufficient.  In  the  meantime  there  had 
been  a  heavy  dew,  but  no  rain.  These  smoky  atmospheres  give 
great  prominence  to  the  lines  in  the  less  refrangible  parts  of  the 
spectrum  about  A.  The  diminution  of  the  light  on  another 
occasion  was  so  great  that  the  eye  could  look  without  inconve- 
nience upon  the  meridian  sun,  which,  as  it  declined  to  the  west, 
was  gradually  extinguished,  and  this  though  there  were  no 
clouds.  These  phenomena  are  by  no  means  confined  to  small 
areas,  but  extend  over  large  tracts  of  country.  When  my  regi- 
ment was  stationed  at  Harper's  Ferry  in  Virginia  in  1862,  a 
similar  condition  of  atmosphere  prevailed  there  and  at  the  obser- 
vatory 200  miles  distant.  The  yellowness  was  at  that  time  attri- 
buted to  dust  in  the  air. 

In  developing  and  enlarging  photographs,  care  is  necessary  to 
preserve  the  proper  relation  of  light  and  shade.  In  the  case  of 
the  full  moon,  for  instance,  there  is  a  tendency  to  flatness  and 
an  indistinct  appearance.     If,  however,  the  negative,  instead  of 
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being  developed  with  sulphate  of  iron,  is  brought  out  with  pyro- 
gallic  acid,  it  assumes  a  much  more  brilliant  aspect,  the  contrast 
of  light  and  dark  parts  is  greater,  and  the  picture  more  lively. 
In  enlarging  such  a  photograph,  by  treating  the  reverse  or  posi- 
tive made  from  the  original  negative  with  iodide  of  mercury 
dissolved  in  iodide  of  potassium,  the  contrast  can  be  increased 
at  pleasure,  the  dark  parts  of  the  collodion  film  gaining  more 
than  their  due  proportion  of  strength.  The  eventual  paper  proof, 
instead  of  being  flat,  is  whiter  in  tiie  high  lights  and  darker  in 
the  deep  shades  than  it  should  be.  Such  a  result  shows  the 
uncertainty  of  any  method  of  comparing  the  actinic  force  of 
various  parts  of  the  moon  together,  and  attempting  to  deduce 
therefrom  arguments  as  to  their  composition.  The  nature  of 
the  collodion  and  sensitizing  compounds  used  makes  also  a  ma- 
terial difference.  I  have  found  that,  as  a  rule,  it  is  better  to  use 
sulphate  of  iron  alone  in  those  phases  where  the  moon  is  about 
one-half  illuminated,  and  graduate  the  strength  of  the  solution 
so  as  to  gain  the  most  desirable  result.  The  parts  of  the  surface 
on  which  the  sunlight  is  falling  nearly  perpendicularly,  are  only 
too  prone  to  become  overdark  as  compared  with  those  on  which 
the  light  strikes  obliquely.  The  contrast  requires  restraint 
rather  than  encouragement.  The  negatives  should  present  the 
appearance  of  overdone  positives  to  enlarge  well.  Even  with 
the  best  system  of  development,  it  is  impossible  to  secure  a  good 
picture  of  the  entire  portion  of  the  moon  visible  in  the  first  and 
third  quarters ;  for  either  the  larger  portion  must  be  overdeve- 
loped and  overexposed  to  secure  the  extreme  edge,  or  else  the 
most  obliquely  illuminated  part  must  be  left  undeveloped.  It 
may  be  possible  to  overcome  this  difficulty  in  the  future,  by 
diaphragms  so  adjusted  as  to  cut  oft'  the  brighter  light  while  the 
fainter  parts  continue  to  act. 

In  any  operation  of  forcing  or  intensifying,  it  is  necessary  to 
bear  in  mind  that  the  deposit  constituting  the  image  is  not  a  con- 
tinuous film,  but  is  more  or  less  granular.  Most  of  the  processes 
of  redeveloping  tend  to  increase  the  size  of  the  silver  grains, 
and,  if  practised  injudiciously  upon  photographs  that  have  sub- 
sequently to  be  magnified,  may  impair  them  seriously.  Sulphate 
of  iron  employed  alone  for  educing  a  picture  seems  to  give  the 
finest  granulations,  particularly  if  the  sensitive  plate,  previous  to 
exposure  to  light,  has  been  washed  in  water  so  as  to  remove 
most  of  its  free  nitrate  of  silver.  It  requires,  however,  to  be 
redipped  in  the  nitrate-of-silver  bath  before  being  treated  with 
the  sulphate.  The  free  nitrate  of  silver  necessary  to  the  reduc- 
tion cannot  be  advantageously  supplied  otherwise;  and  the  sensi- 
tiveness would  be  decreased. 

No  photograph  that  has  to  be  magnified  should  be  varnished. 
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Apart  from  the  fact  that  it  is  entirely  unnecessary,  it  is  sure  to 
produce  some  markings  or  imperfections.  Dust  and  little  hairs 
adhere  to  the  film  while  sticky,  and  when  dry  it  is  certain  to  be 
either  finely  corrugated,  or  else  dotted  with  little  transparent 
elevations,  which  act  like  lenses  toward  the  bright  beam  of  light 
subsequently  used.  In  order  to  be  secure  against  accidents,  I 
always  keep  two  or  three  reverses  of  the  finest  negatives.  These, 
being  copied  by  contact  in  rays  diverging  from  a  point,  are  just 
as  valuable  as  the  original. 

With  regard  to  the  means  used  for  enlarging,  they  were  at 
first  single  and  compound  achromatic  combinations.  But  these 
present  two  defects.  The  visual  and  actinic  foci  are  made  to 
coincide,  even  approximately,  with  difficulty ;  and  when  in  addi- 
tion a  flat  field,  sometimes  5  feet  in  diameter,  is  required,  such 
lenses  as  could  be  obtained  failed  entirely.  It  then  occurred  to 
me  to  supply  their  place  by  a  concave  mirror  of  suitable  figure, 
and  both  difficulties  have  in  consequence  been  surmounted. 
The  field  is  flat,  as  is  shown  by  examination  on  ground  glass, 
and  in  the  produced  photograph.  As  for  the  sharpness,  I  have 
made  a  picture  of  a  scale  of  Lepisma  saccharina  under  a  power 
of  289,  by  taking  a  photograph  magnified  seventeen  times,  and 
then  magnifying  that.  It  shows  the  characteristic  markings 
almost  as  well  as  a  microscope.  With  this  contrivance,  the 
whole  interior  of  the  observatory,  27  feet  long,  can  be  used  as  a 
camera  obscura. 

University,  New  York, 
September  1,  1864. 


XXX.   On  the  Conformation  of  the  Alps. 
By  John  Tyndall,  F.R.S.,  ^c* 

T^O  the  physical  geologist  the  conformation  of  the  Alps,  and 
•of  mountain-regions  generally,  constitutes  one  of  the  most 
interesting  problems  of  the  present  day.  To  account  for  this 
conformation,  two  hypotheses  have  been  advanced,  which  may  be 
respectively  named  the  hypothesis  of  fracture  and  the  hypothesis 
of  erosion.  Those  who  adopt  the  former  maintain  that  the 
forces  by  which  the  Alps  were  elevated  produced  fissures  in  the 
eartVs  crust,  and  that  the  valleys  of  the  Alps  are  the  tracks  of 
of  these  fissures.  Those  who  hold  the  latter  hypothesis  maintain 
that  the  valleys  have  been  cut  out  by  the  action  of  ice  and  water, 
the  mountains  themselves  being  the  residual  forms  of  this  grand 
sculpture.  To  the  erosive  action  here  indicated  must  be  added 
that  due  to  the  atmosphere  (the  severance  and  detachment  of 

*  Communicated  by  the  Author. 
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rocks  by  rain  and  frost),  as  affecting  the  forms  of  the  more 
exposed  and  elevated  peaks. 

I  had  heard  it  stated  that  the  Via  ]\Iala  was  a  striking  illus- 
tration of  the  fissure  theory — that  the  profound  chasm  thus 
named,  and  through  which  the  Hiuter-llhein  now  Hows,  could 
be  nothing  else  than  a  crack  in  the  earth's  crust.  To  the  Via 
Mala  this  year  I  therefore  went,  to  instruct  myself  by  actual 
observation  upon  the  point  in  question.  The  gorge  commences 
about  a  quarter  of  an  hour  above  the  town  of  Tusis ;  and,  on 
entering  it^  the  conclusion  which  first  gains  credence  is  that  it 
must  be  a  fissure.  This  conclusion  in  my  case  was  modified  as 
I  advanced.  Some  distance  up  the  gorge  1  found  upon  the  slopes 
to  my  right  quantities  of  rolled  stones,  evidently  rounded  by 
water-action.  Still  further  up,  and  just  before  reaching  the  first 
bridge  which  spans  the  chasm,  I  found  more  rolled  stones  asso- 
ciated with  sand  and  gravel.  Through  this  mass  of  detritus,  for- 
tunately, a  vertical  cutting  had  been  made,  which  exhibited  a  sec- 
tion showing  perfect  stratification.  There  was  no  agency  in  the 
j)lace  to  roll  these  stones,  and  to  deposit  these  alternating  layers 
of  sand  aud  pebbles,  but  the  river  which  now  rushes  some  hun- 
dreds of  feet  below  them.  At  one  period  of  the  Via  Mala's  history 
the  river  must  have  run  at  this  high  level.  Other  evidences  of 
water-action  soon  revealed  themselves.  Erom  the  parapet  of  the 
first  bridge  I  could  see  the  solid  rock  200  feet  above  the  bed  of 
the  river  scooped  and  eroded.  It  is  stated  in  the  guide  books, 
that  the  river,  which  usually  runs  along  the  bottom  of  the 
gorge,  has  been  known  almost  to  fill  it  during  violent  thunder- 
storms; and  it  may  be  urged  that  the  marks  of  erosion  which 
the  sides  of  the  chasm  exhibit  are  due  to  those  occasional  floods. 
In  reply  to  this,  it  may  be  stated  that  even  the  existence  of  such 
floods  is  not  well  authenticated,  and  that,  if  the  supposition  were 
true,  it  Mould  be  an  additional  argument  in  favour  of  the  cutting- 
power  of  the  river.  For  if  floods  operating  at  rare  intervals 
could  thus  erode  the  rock,  the  same  agency,  acting  without 
ceasing  upon  the  river's  bed,  must  certainly  be  competent  to 
excavate  it.  I  proceeded  upwards,  and  from  a  point  near  another 
bridge  (which  of  them,  I  did  not  note)  had  a  fine  view  of  a  por- 
tion of  the  gorge.  The  river  here  runs  at  the  bottom  of  a  cleft 
of  profound  depth,  but  so  narrow  that  it  might  be  leaped  across. 
That  this  cleft  must  be  a  crack  is  the  impression  first  produced; 
but  a  brief  inspection  suffices  to  prove  that  it  has  been  cut  by 
the  river.  From  top  to  bottom  we  have  the  unmistakeable  marks 
of  erosion.  This  cleft  was  best  seen  by  looking  downwards  from 
a  point  near  the  bridge ;  looking  upwards  from  the  bridge  itself, 
the  evidence  of  aqueous  erosion  was  equally  convincing. 

The  character  of  the  erosion  depends  upon  the  rock  as  well 
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as  upon  the  river.  The  aetion  of  water  upon  some  rocks  is  almost 
purely  mechanical;  they  arc  cut  away,  sometimes  in  sensible 
masses.  In  other  cases  the  action  is  chemical  as  well  as  mecha- 
nical. Water,  in  passing  over  limestone,  charges  itself  with  car- 
bonate of  lime  without  damage  to  its  transparency ;  the  rock 
is  dissolved  in  the  water;  and  the  gorges  cut  by  water  in  such 
rocks  often  resemble  those  cut  in  the  ice  of  glaciers  by  glacier 
streams.  To  the  solubility  of  limestone  is  probably  to  be  ascribed 
the  fantastic  forms  which  this  rock  usually  assumes,  and  also  the 
grottos  and  caverns  which  interpenetrate  limestone  formations. 
A  rock  capable  of  being  thus  dissolved  will  expose  a  smooth  sur- 
face after  the  water  has  quitted  it ;  and  in  the  case  of  the  Via  Mala 
it  is  the  polish  of  the  surfaces,  and  also  the  curved  hollows 
scooped  in  the  sides  of  the  gorge,  which  assure  us  that  the  chasm 
has  been  tlie  work  of  the  river. 

About  four  miles  from  Tusis,  and  not  far  from  the  little  village 
of  Zillis,  the  "Via  Mala  opens  into  a  plain  which  is  bounded  by 
high  terraces,  evidently  cut  by  water.  It  occurred  to  me  the 
moment  I  saw  it,  that  the  plain  had  been  the  bed  of  an  ancient 
lake ;  and  a  farmer,  who  was  my  temporary  companion,  immedi- 
ately informed  me  that  such  was  the  tradition  of  the  neighbour- 
hood. This  man  conversed  with  intelligence,  and  as  1  drew  his 
attention  to  the  rolled  stones,  which  rest  not  only  above  the  river 
but  above  the  road,  and  inferred  that  the  river  must  have  been 
there  to  have  rolled  those  stones,  he  saw  the  force  of  the  evidence 
perfectly.  In  fact  in  former  times,  and  subsequent  to  the  retreat 
of  the  great  glaciers,  a  rocky  barrier  crossed  the  valley  at  this 
place,  damming  the  river  which  came  from  the  residual  glaciers 
higher  uj).  A  lake  was  thus  formed  which  poured  its  waters 
over  the  barrier.  Two  actions  were  here  at  work,  both  tending 
to  obliterate  the  lake — the  raisi)]g  of  its  bed  by  the  deposition  of 
detritus,  and  the  cutting  of  its  dam  by  the  river.  In  process  of 
time  the  cut  deepened  into  the  Via  Mala ;  the  lake  was  drained, 
and  the  river  now  flows  in  a  definite  channel  through  the  plain 
which  its  waters  once  totally  covered. 

From  Tusis  I  crossed  to  Ticfenkasten  by  the  Sehien  Pass,  and 
thence  over  the  Julier  Pass  to  Pontresina.  There  are  three  or 
four  ancient  lake-beds  between  Ticfenkasten  and  the  summit  of 
the  Julier.  They  are  all  of  the  same  type — a  more  or  less  broad 
and  level  valley-bottom,  Avith  a  barrier  in  front  through  which 
the  river  has  cut  a  passage,  the  drainage  of  the  lake  being  the  con- 
scqvience.  These  lakes  were  sometimes  dammed  by  barriers  of 
rock,  sometimes  bylhc  moraines  of  ancient  glaciers.  An  exam- 
ple of  this  latter  kind  occurs  in  the  Rosegg  valley,  about  twenty 
minutes  below  the  end  of  the  Posegg  glacier,  and  about  an  hour 
from  Pontresina.     The  valley  here  is  crossed  by  a  pine-covered 
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moraine  of  the  noblest  dimensions :  in  the  neighbourhood  of 
London  it  might  be  called  a  mountain.  That  it  is  a  moraine, 
the  inspection  of  it  fi'om  a  point  on  the  Surlei  slopes  above 
it  will  convince  any  person  possessing  an  educated  eye.  Wliere, 
moreover,  the  interior  of  the  mound  is  exposed,  it  exhibits 
moraine-matter — detritus  pulverized  by  the  ice,  with  boulders 
entangled  in  it.  It  stretched  quite  across  the  valley,  and  at  one 
time  dammed  the  river  up.  But  now  the  barrier  is  cut  through, 
the  stream  leaving  about  one-fourth  of  the  moraine  to  its  right, 
and  the  remaining  three-fourths  to  its  left.  Other  moraines  of 
a  more  resisting  character  hold  their  ground  as  barriers  to  the 
present  day.  In  the  Val  di  Campo,  for  example,  about  three- 
quarters  of  an  hour  from  PisciadcUo,  there  is  a  moraine  com- 
posed of  large  boulders,  which  interrupt  the  course  of  a  river 
and  compel  the  water  to  fall  over  them  in  cascades.  They  have 
in  great  part  resisted  its  action  since  the  retreat  of  the  ancient 
glacier  which  formed  the  moraine.  Behind  the  moraine  is  a 
lake-bed,  now  converted  into  a  meadow,  which  is  quite  level,  and 
rests  on  a  deep  layer  of  mould. 

At  Pontresina  a  very  fine  and  instructive  gorge  is  to  be  seen. 
The  river  from  the  Morteratsch  glacier  rushes  through  a  deep  and 
narrow  chasm  which  is  spanned  at  one  place  by  a  stone  bridge. 
The  rock  is  not  of  a  character  to  preserve  smooth  polishing ;  but 
the  larger  features  of  water-action  are  perfectly  evident  from  top 
to  bottom.  Those  features  are  in  part  visible  from  the  bridge, 
but  still  better  from  a  point  a  little  distance  from  the  bridge  in 
the  direction  of  the  upper  village  of  Pontresina.  The  hollowing 
out  of  the  rock  by  the  eddies  of  the  water  is  here  quite  manifest. 
A  few  minutes  walk  upwards  brings  us  to  the  end  of  the  gorge ; 
and  behind  it  we  have  the  usual  indications  of  an  ancient  lake, 
and  terraces  of  distinct  water  origin.  From  this  ])osition  the 
genesis  of  the  gorge  is  clearly  revealed.  After  the  retreat  of  the 
ancient  glacier  which  filled  this  valley,  a  transverse  ridge  of 
comparatively  resisting  material  crossed  the  valley  at  this  place. 
Over  the  lowest  part  of  this  ridge  the  river  flowed,  rushing 
steeply  down  to  join  at  the  bottom  of  the  ridge  the  stream  which 
issued  from  the  Rosegg  glacier.  On  this  incline  the  water 
became  a  powerful  eroding  agent,  and  finally  cut  its  channel  to 
its  present  depth.  Geological  writers  of  reputation  assume 
at  this  place  the  existence  of  a  fissure,  the  "  washing  out "  of 
which  resulted  in  the  formation  of  the  gorge.  Now  no  ex- 
amination of  the  bed  of  the  river  ever  proved  the  existence  of 
this  fissure;  and  it  is  certain  that  water  can  cut  a  channel 
through  unfissured  rock — that  cases  of  deep  cutting  can  be 
pointed  out  where  the  clean  bed  of  the  stream  is  exposed,  the 
rock   which    forms    the   floor    of  the    river    not  exhibiting   a 
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trace  of  fissure.  Axi  example  of  this  kind  occurs  near  the 
Bernina  Gasthaus,  about  two  hours  from  Pontresina.  A  little 
way  below  the  junction  of  the  two  streams  from  the  Bernina 
Pass  and  the  Hcuthal  the  river  flows  through  a  channel  cut 
by  itself,  and  20  or  30  feet  in  depth.  At  some  places  the  river- 
bed is  covered  with  rolled  stones ;  at  other  places  it  is  bare,  but 
shows  no  trace  of  fissure.  The  abstract  power  of  water  (if  1  may 
use  the  term)  to  cut  through  rock  is  demonstrated  by  such  in- 
stances. But  if  water  i's  competent  to  form  a  gorge  without  the 
aid  of  a  fissure,  why  assume  the  existence  of  such  in  cases  like 
that  at  Pontresina  ?  It  seems  far  more  philosophical  to  accept 
the  simple  and  impressive  history  written  on  the  walls  of  those 
gorges  by  the  agent  which  produced  them. 

Numerous  cases  might  be  pointed  out,  varying  in  mag- 
nitude, but  all  identical  in  kind,  of  ban-iers  which  crossed 
valleys  and  formed  lakes  having  been  cut  through  by  rivers, 
narrow  gorges  being  the  consequence.  One  of  the  most  famous 
examples  of  this  kind  is  the  Pinsteraarschlucht  in  the  Valley  of 
Hasli.  Here  the  ridge  called  the  Kirchet  seems  split  across,  and 
the  river  Aar  rushes  through  the  fissure.  Behind  the  barrier 
we  have  the  meadows  and  pastures  of  Imhof  resting  on  the  sedi- 
ment of  an  ancient  lake.  Were  this  an  isolated  case,  one  might 
reasonably  conclude  that  the  Pinsteraarschlucht  was  produced  by 
an  earthquake,  as  some  suppose  it  to  have  been ;  but  when  we 
find  it  to  be  a  single  sample  of  actions  which  are  frequent  in  the 
Alps — when  probably  a  hundred  cases  of  the  same  kind,  though 
different  in  magnitude,  can  be  pointed  out — it  seems  quite  un- 
philosophical  to  assume  that  in  each  particu.lar  case  an  earthquake 
was  at  hand  to  form  a  channel  for  the  river.  As  in  the  case  of 
the  barrier  at  Pontresina,  the  Kirchet,  after  the  retreat  of  the 
Aar  glacier,  dammed  the  waters  flowing  fi'om  it,  thus  forming  a 
lake,  on  the  bed  of  which  now  stands  the  village  of  Imhof.  Over 
this  barrier  the  Aar  tumbled  towards  Meyringen,  cutting,  as 
the  centuries  passed,  its  bed  ever  deeper,  until  finally  it  became 
deep  enough  to  drain  the  lake,  leaving  in  its  place  the  alluvial 
plain  through  which  the  river  now  flows  in  a  definite  channel. 

But  it  may  be  urged  that  it  is  not  necessary  to  assume  the 
operation  of  a  special  earthquake  to  split  each  particular  barrier. 
The  broad  view  taken  by  the  advocates  of  the  fracture  theory  is 
that  the  valleys  are  the  tracks  of  the  fissures  produced  by  the 
upheaval  of  the  land,  and  the  cracks  across  the  barriers  to  which 
I  have  referred  are  in  reality  portions  of  the  great  cracks  which 
formed  the  valleys.  Such  an  argument,  however,  would  virtu- 
ally concede  the  theory  of  erosion  as  applied  to  the  valleys  of  the 
Alps.  These  narrow  channels,  often  not  more  than  20  or  30  feet 
across,  sometimes  even  narrower,  frequently  occur  at  the  bottom 
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of  broad  valleys.  Such  a  fissure  might  enter  into  the  list  of  acci- 
dents which  gave  direction  to  the  real  erosive  agents  which  scooped 
the  valley  out;  but  the  formation  of  the  valley,  as  it  now  exists, 
could  no  more  be  ascribed  to  it  than  the  motion  of  a  railway  train 
could  be  ascribed  to  the  finger  of  the  engineer  which  turns  on 
the  steam. 

These  deep  gorges  occur,  I  believe,  for  the  most  part  in  lime- 
stone strata;  and  the  effects  which  the  merest  driblet  of  water 
can  produce  on  such  rocks  are  quite  astonishing.  It  is  not  un- 
common to  meet  chasms  of  considerable  depth  produced  by  small 
streams  the  beds  of  which  are  dry  for  a  large  portion  of  the  year, 
llight  and  left  of  the  larger  gorges  such  secondary  chasms  are 
usually  to  be  found.  The  idea  of  time  must,  I  think,  be  more 
and  more  included  in  our  reasonings  on  these  phenomena.  Hap- 
])ily  the  marks  which  the  rivers  have,  in  most  cases,  left  behind 
them,  and  which  refer,  geologically  considered,  to  actions  of 
yesterday,  give  us  ground  and  courage  to  conceive  what  may  be 
effected  in  geologic  periods.  Thus  the  modern  portion  of  the  Via 
j\Iala  throws  light  upon  the  whole.  Near  13ergiin  in  the  Valley 
of  the  Albula  there  is  also  a  little  Via  Mala  which  is  not  less 
significant  than  the  great  one.  The  river  flows  here  through  a 
l)rofound  limestone  gorge ;  but  to  the  very  edges  of  the  gorge  we 
have  the  evidences  of  erosion.  Tiic  most  striking  illustration  of 
water-action  upon  limestone  rock  which  I  have  ever  witnessed  is, 
1  think,  furnished  by  the  gorge  at  Pfaffers.  Here  the  traveller 
passes  along  the  side  of  the  chasm  midway  between  top  and 
bottom.  AVhichever  way  he  looks,  backwards  or  forwards,  up- 
wards or  downwards,  towards  the  sky  or  towards  the  river,  he 
meets  everywhere  the  irresistible  and  imi)ressive  evidence  that 
this  wonderful  fissure  has  been  sawn  through  the  mountain  by 
the  waters  of  the  Tamina. 

I  have  thus  far  confined  myself  to  the  consideration  of  the 
gorges  formed  by  the  cutting  through  of  the  rock  barriers  which 
frequently  cross  the  valleys  of  the  Alps ;  as  far  as  I  have  ex- 
amined them  they  are  the  work  of  erosion.  But  the  larger  ques- 
tion still  remains.  To  what  action  are  we  to  ascribe  the  formation 
of  the  valleys  themselves  ?  This  question  includes  that  of  the  for- 
mation of  the  mountain  ridges  ;  for  were  the  valleys  wholly  filled, 
the  ridges  would  disappear.  Possibly  no  answer  can  be  given  to 
this  question  which  is  not  beset  with  more  or  less  of  difficulty. 
Special  localities  might  be  found  which  would  seem  to  contradict 
every  solution  which  refers  the  conformation  of  the  Alps  to  the 
operation  of  a  single  cause.  Still  the  Alps  present  features  of  a 
character  sufficiently  definite  to  bring  the  question  of  their  origin 
within  the  sphere  of  close  reasoning.  That  they  were  in 
whole  or  in  part  once  beneath  the  sea  will  not  be  disputed.    They 
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are  in  great  part  composed  of  sedimentary  rocks  which  must 
have  required  a  sea  to  form  them.  Their  present  elevation  above 
the  sea  is  due  to  one  of  those  local  changes  in  the  shape  of  tJic 
earth  which  have  been  of  frequent  occurrence  throughout  geo- 
logic time,  and  which  in  some  cases  have  depressed  the  land, 
and  in  others  caused  the  sea-bottom  to  protrude  beyond  its  sur- 
face. Considering  the  inelastic  character  of  its  materials,  the 
protuberance  of  the  Alps  could  hardly  have  been  pushed  out 
without  dislocation  and'  fracture ;  and  this  conclusion  gains  in 
probabihty  when  we  consider  the  foldings,  contortions,  and  even 
reversals  in  position  of  the  strata  in  many  parts  of  the  Alps. 
Such  changes  in  the  position  of  beds  which  were  once  horizontal 
could  not  have  been  effected  without  dislocation.  Fissures 
would  be  producetl  by  these  changes ;  and  such  fissures,  the  ad- 
vocates of  the  fracture  theory  contend,  mark  the  positions  of  the 
valleys  of  the  Alps. 

Imagination  is  necessary  to  the  man  of  science,  and  we  could 
not  reason  on  our  present  subject  without  the  power  of  presenting 
mentally  a  picture  of  the  earth's  crust,  cracked  and  fissured  by 
the  forces  which  produced  its  upheaval.  Imagination,  however, 
must  be  strictly  checked  by  reason  and  by  fact.  That  disloca- 
tions occurred  cannot,  I  think,  be  doubted,  but  that  the  valleys  of 
the  Alps  are  thus  formed  is  a  conclusion  not  at  all  involved  in 
the  admission  of  dislocations.  I  never  met  with  a  precise  state- 
ment of  the  manner  in  which  the  advocates  of  the  fissure  theory 
suppose  the  forces  to  have  acted, — whether  they  assume  a  general 
elevation  of  the  region,  or  a  local  elevation  of  distinct  ridges ;  or 
whether  they  assume  local  subsidences  after  a  general  elevation, 
or  whether  they  would  superpose  upon  the  general  upheaval  minor 
and  local  upheavals.  In  the  absence  of  any  distinct  statement,  I 
will  assume  the  elevation  to  be  general — that  a  swelling  out  of  the 
earth's  crust  occurred  here,  sufticient  to  place  the  most  promi- 
nent portions  of  the  protuberance  three  miles  above  the  sea-level. 
To  fix  the  ideas,  let  us  consider  a  circular  portion  of  the  crust,  say 
one  hundred  miles  in  diameter,  and  let  us  suppose,  in  the  first 
instance,  the  circumference  of  this  circle  to  remain  fixed,  and 
that  the  elevation  was  confined  to  the  space  within  it.  The  up- 
heaval would  throw  the  crust  into  a  state  of  strain ;  and  if  it 
were  inflexible,  the  strain  must  be  relieved  by  fracture.  Cre- 
vasses would  thus  intersect  the  crust.  Let  us  now  inquire  what 
proportion  the  area  of  these  open  fissures  is  likely  to  bear  to  the 
area  of  the  unfissured  crust.  An  approximate  answer  is  all  that  is 
here  required ;  for  the  problem  is  of  such  a  character  as  to  render 
minute  precision  unnecessary.  No  one,  1  think,  would  affirm  that 
the  area  of  the  fissures  would  be  looth  the  area  of  the  land.  For 
let  us  consider  the  strain  upon  a  single  line  drawn  over  the  sum- 
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mit  of  the  protuberance  from  a  point  on  its  rim  to  a  point  oppo- 
site. Regarding  the  protuberance  as  a  spherical  swelling,  the 
length  of  the  arc  corresponding  to  a  chord  of  100  miles  and  a 
versed  sine  of  3  miles  is  100'24-  miles ;  consequently  the  surface 
to  reach  its  new  position  must  stretch  0*24  of  a  mile,  or  be  broken. 
A  fissure  or  a  number  of  cracks  with  this  total  width  would 
relieve  the  strain ;  that  is  to  say,  the  sum  of  the  widths  of  all 
the  cracks  over  the  length  of  100  miles  would  be  420  yards. 
If,  instead  of  comparing  the  width  of  the  fissures  with  the  length 
of  the  lines  of  tension,  we  compared  their  areas  with  the  area 
of  the  unfissurcd  laud,  we  should  of  course  find  the  proportion 
much  less.  These  considerations  will  help  the  imagination  to 
realize  what  a  small  ratio  the  area  of  the  open  fissures  must 
bear  to  the  unfissurcd  crust.  They  enable  us  to  say  with  cer- 
tainty, for  example,  that  to  assume  the  area  of  the  fissures  to  be 
-jJj^th  of  the  area  of  the  land  would  be  quite  absurd,  while  that  the 
area  of  the  fissures  could  be  one-half  or  more  than  one-half 
that  of  the  land  would  be  in  a  proportionate  degree  unthink- 
able. If  we  suppose  the  elevation  to  be  due  to  the  shrinking  or 
subsidence  of  the  land  all  round  our  assumed  circle,  we  arrive 
equally  at  the  conclusion  that  the  area  of  the  open  fissures 
would  be  altogether  insignificant  as  compared  with  that  of  the 
unfissurcd  crust. 

To  those  who  have  seen  them  from  a  commanding  elevation, 
it  is  needless  to  say  that  the  Alps  themselves  bear  no  sort  of  re- 
semblance to  the  picture  which  this  theory  presents  to  us. 
Instead  of  deep  cracks  with  approximately  vertical  walls,  we  have 
ridges  before  us  running  into  ])eaks,  and  gradually  sloping  to  form 
valleys  at  angles  which,  I  imagine,  would  average  less  than  40 
degrees,  many  of  them  certainly  not  reaching  30.  Instead  of  a 
fissured  crust  we  have  a  state  of  things  closely  resembling  the 
surface  of  the  ocean  when  agitated  by  a  storm.  The  valleys, 
instead  of  being  much  narrower  than  the  ridges,  occupy  the 
greater  space.  A  plaster  cast  of  the  Alps  turned  upside  down, 
so  as  to  invert  the  elevations  and  depressions,  would  exhibit 
blunter  and  broader  mountains,  with  narrower  valleys  between 
them,  than  the  present  ones.  The  valleys  that  exist  cannot,  I 
think,  with  any  correctness  of  language  be  called  fissures.  It 
may  be  urged  that  they  originated  in  fissures :  but  even  this  is 
unproved,  and,  were  it  proved,  would  still  make  the  fissures  play 
the  subordinate  part  of  giving  direction  to  the  agents  which  are 
to  be  regarded  as  the  real  sculptors  of  the  Alps. 

The  fracture  theory,  then,  if  it  regards  the  elevation  of  the 
Alps  as  due  to  the  operation  of  a  force  acting  throughout  the 
entire  region,  is,  in  my  opinion,  utterly  incompetent  to  account 
for  the  conformation  of  the  country.     If,  on  the  other  hand,  we 
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are  compelled  to  resort  to  local  disturbances,  the  manipulation 
of  the  earth's  crust  which  will  be  necessary  to  obtain  the  valleys 
and  the  mountains  will,  I  imagine,  bring  the  difficulties  of  the 
theory  into  very  strong  relief.  Indeed  an  examination  of  the 
region  from  many  of  the  more  accessible  eminences — from 
the  Galenstock,  the  Grauhaupt,  the  Pitz  Languard,  the  Monte 
Confinale — or,  better  still,  from  Mont  Blanc,  Monte  Rosa, 
the  Jungfrau,  the  Finsteraarhorn,  the  Weisshorn,  or  the  Mat- 
terhorn,  where  local  jjeculiarities  are  toned  down,  and  the  ope- 
rations of  the  powers  which  really  made  this  region  what  it  is 
are  alone  brought  into  prominence,  must,  I  imagine,  convince 
every  physically  minded  man  of  the  inability  of  any  fracture 
theory  to  account  for  the  present  conformation  of  the  Alps.  A 
correct  model  of  the  mountains,  with  an  unexaggerated  vertical 
scale,  produces  the  same  effect  upon  the  mind  as  the  prospect 
from  one  of  the  highest  peaks.  We  are  apt  to  be  influenced 
by  local  phenomena  which,  though  insignificant  in  view  of  the 
general  question  of  Alpine  conformation,  are,  with  reference  to 
our  customary  standards,  vast  and  impressive.  In  a  true  model 
those  local  peculiarities  disappear ;  for  on  the  scale  of  a  model  they 
are  too  small  to  be  visible ;  while  the  essential  facts  and  forms 
are  presented  to  the  undistracted  attention. 

A  minute  analysis  of  the  phenomena  strengthens  the  conviction 
which  the  general  aspect  of  the  Alps  fixes  in  the  mind.  We 
find,  for  example,  numerous  valleys  which  the  most  ardent  plu- 
tonist  would  not  think  of  ascribing  to  any  other  agency  than 
erosion.  That  such  is  their  genesis  and  history  is  as  certain  as 
that  ei'osiou  produced  the  Chines  in  the  Isle  of  Wight.  From 
these  indubitable  cases  of  erosion — commencing,  if  necessary, 
with  the  small  ravines  which  run  down  the  flanks  of  the  ridges, 
with  their  little  working  navigators  at  their  bottoms — we  can 
proceed,  by  almost  insensible  gradations,  to  the  largest  valleys 
of  the  Alps ;  and  it  would  perplex  the  plutonist  to  fix  upon  the 
point  at  which,  in  his  opinion,  fracture  begins  to  play  a  mate- 
rial part.  In  ascending  one  of  the  larger  valleys,  we  enter  it 
where  it  is  wide  and  where  the  eminences  are  gentle  on  either 
side.  The  flanking  mountains  become  higher  and  more  abrupt 
as  we  ascend,  and  at  length  we  reach  a  place  where  the  depth  of 
the  valley  is  a  maximum.  Continuing  our  walk  upwards  we 
find  ourselves  flanked  by  gentler  slopes,  and  finally  emerge  from 
the  valley  and  reach  the  summit  of  an  open  col,  or  depression  in 
the  chain  of  mountains.  This  is  the  common  character  of  the 
large  valleys.  Crossing  the  col,  we  descend  along  the  opposite 
slope  of  the  chain,  and  through  the  same  series  of  appearances  in 
the  reverse  order.  If  the  valleys  on  both  sides  of  the  col  were 
produced  by  fissures,  what  prevents  the  fissure  from  prolonging 
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itself  across  the  col  ?  The  case  here  cited  is  representative ;  and 
I  am  not  acquainted  with  a  single  instance  in  the  Alps  where  the 
chain  has  been  cracked  in  the  manner  indicated.  The  cols  are 
simply  depressions ;  and  in  the  case  of  many  of  them  the  unfis- 
sured  rock  can  be  traced  from  side  to  side. 

The  typical  instance  just  sketched  follows  as  a  natural  conse- 
quence from  the  theory  of  erosion.  Before  either  ice  or  water 
can  exert  great  power  as  an  erosive  agent,  it  must  collect  in  suf- 
ficient mass.  On  the  higher  slopes  and  plateaus — in  the  region 
of  cols — the  power  is  not  fully  developed;  but  lower  down 
tributaries  unite,  erosion  is  carried  on  with  increased  vigour, 
and  the  excavation  gradually  reaches  a  maximum.  Lower  still 
the  elevations  diminish  and  the  slopes  become  more  gentle ;  the 
cutting-power  gradually  relaxes,  until  finally  the  eroding  agent 
quits  the  mountains  altogether,  and  the  grand  effects  which  it 
produced  in  the  earlier  portions  of  its  course  entirely  disappear. 

I  have  hitherto  contined  myself  to  the  consideration  of  the 
broad  question  of  the  erosion  theory  as  compared  with  the  frac- 
ture theory ;  and  all  that  I  have  been  able  to  observe  and  think 
with  reference  to  the  subject  leads  me  to  adopt  the  former.  Under 
the  term  erosion  I  include  the  action  of  water,  of  ice,  and  of  the 
atmosphere,  including  frost  and  rain.  Water  and  ice,  however, 
are  the  principal  agents,  and  which  of  these  two  has  produced 
the  greatest  effect  it  is  perhaps  impossible  to  say.  Two  years 
ago  I  wrote  a  brief  note  "  On  the  Conformation  of  the  Alps  "*, 
in  which  I  ascribed  the  paramount  influence  to  glaciers.  The 
facts  on  which  that  opinion  was  founded  arc,  I  think,  unassail- 
able ;  but  whether  the  opinion  fairly  follows  from  the  facts  may 
be  regarded  as  an  open  question.  The  arguments  which  have 
been  thus  far  urged  against  the  opinion  appear  to  me  to  be  far 
from  conclusive.  Indeed  the  idea  of  glacier  erosion  appeared  so 
daring  that  its  boldness  was  deemed  by  many  its  sufficient  refu- 
tation. It  is,  however,  to  be  remembered  that  a  })reciscly  similar 
position  was  taken  up  by  many  respectable  people  when  the 
extension  of  ancient  glaciers  was  first  mooted.  The  idea  was 
considered  too  hardy  to  be  entertained;  and  the  evidences  of 
glacial  action  were  sought  to  be  explained  by  reference  to  almost 
any  process  rather  than  the  true  one.  Let  those  who  so  wisely 
took  the  side  of  "  boldness  "  in  that  discussion  beware  lest  they 
place  themselves,  with  reference  to  the  question  of  glacier  erosion, 
in  the  ])osition  formerly  occupied  by  their  opponents.  Looking  at 
the  little  glaciers  of  the  present  day — mere  pigmies  as  compared  to 
the  giants  of  the  glacial  epoch — we  find  that  from  every  one  of 
them  issues  a  river  more  or  less  voluminous,  charged  with  the 
matter  which  the  ice  has  rubbed  from  the  rocks.  Where  the 
*  Phil.  Mag.  vol.  xxiv.  p.  169, 
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rocks  are  of  a  soft  character,  the  amount  of  this  finely  pulverized 
matter  suspended  in  the  water  is  very  great.  The  water,  for 
example,  of  the  river  which  flows  from  Santa  Catarina  to  Borraio 
is  thick  with  it.  The  Rhine  is  charged  with  this  matter,  and  by 
it  has  so  silted  up  the  Lake  of  Constance  as  to  abolish  it  for  a 
large  fraction  of  its  length.  The  Rhone  is  charged  with  it,  and 
tens  of  thousands  of  acres  of  cultivable  land  are  formed  by  it 
above  the  Lake  of  Geneva.  In  the  case  of  every  glacier  we  have 
two  agents  at  work, — the  ice  exerting  a  crushing  force  on  every 
point  of  its  bed  which  bears  its  weight,  and  either  rasping  away 
this  point  in  powder  or  tearing  it  bodily  from  the  rock  to  which 
it  belongs ;  while  the  water  which  everywhere  circulates  upon 
the  bed  of  the  glacier  continually  washes  the  detritus  away  and 
leaves  the  rock  clean  for  further  abrasion.  Confining  the  action 
of  glaciers  to  the  simple  rubbing  away  of  the  rocks,  and  allow- 
ing them  sufficient  time  to  act,  it  is  not  a  matter  of  opinion,  but 
a  physical  certainty,  that  they  will  scoop  out  valleys.  But  the 
glacier  does  more  than  abrade.  Rocks  are  not  homogeneous ; 
they  are  intersected  by  joints  and  places  of  weakness,  which  divide 
them  into  virtually  detached  masses.  A  glacier  is  undoubtedly 
competent  to  root  such  masses  bodily  away.  Indeed  the  a  priori 
consideration  of  the  subject  proves  the  competence  of  a  glacier 
to  deepen  its  bed.  Taking  the  case  of  a  glacier  1000  feet  deep 
{and  some  of  the  older  ones  were  probably  three  times  this  depth), 
and  allowing  40  feet  of  ice  to  an  atmosjihere,  we  find  that  on 
every  square  inch  of  its  bed  such  a  glacier  presses  with  a  weight 
of  375  lbs.,  and  on  every  square  yard  of  its  bed  with  a  weight 
of  486,000  lbs.  With  a  vertical  pressure  of  this  amount  the 
glacier  is  urged  down  its  valley  by  the  pressure  from  behind.  We 
can  hardly,  I  think,  deny  to  such  a  tool  the  power  to  excavate. 

While  writing  these  remarks,  I  have  refreshed  my  memory 
by  reference  to  the  paper  of  Mr.  John  Ball,  published  in 
the  25th  volume  of  the  Philosophical  Magazine  (Feb.  1863). 
Mr.  BalFs  great  experience  of  the  Alps  is  sure  to  render  any- 
thing  he  writes  regarding  them  interesting.  I  have  read  his  paper 
and  attended  to  his  suggestions,  but  I  confess  I  do  not  see  the 
cogency  of  his  arguments.  An  inspection  of  the  map  of  Switzer- 
land, with  reference  to  the  direction  of  its  valleys,  suggests  to  my 
mind  no  objection  to  the  theory  of  erosion.  The  perusal  of  the 
paper  has  assured  me  that  Mr.  Ball  has  paid  attention  to  the  for- 
mation of  ancient  lakes.  He  deems  their  beds  a  prominent  feature 
of  Alpine  valleys ;  and  he  considers  the  barriers  which  dammed 
them  up,  and  which  were  not  removed  by  the  ancient  glaciers,  as  "a 
formidable  difficulty  in  the  wayof  Prof.TyndalFs  bold  hypothesis." 
"  Looking  at  the  operation  as  a  whole,"  writes  Mr.  Ball,  "it  is 
to  me  quite  inconceivable  that  a  glacier  should  be  competent  to 
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scoop  out  valleys  a  mile  or  more  in  depth,  and  yet  be  unable  to 
remove  the  main  inequalities  from  its  own  channel."  Assuredly  a 
glacier  is  competent  to  remove  such  barriers,  and  they  probably 
have  been  ground  down  in  some  cases  thousands  of  feet.  But 
being  of  more  resisting  material  than  the  adjacent  rock,  they  are 
not  ground  down  to  the  level  of  that  rock.  Were  its  bed  uniform 
in  the  first  instance,  the  glacier  would,  in  my  opinion,  produce 
the  inequalities  which  Mr.  Ball  thinks  it  ought  to  remove.  I 
have  recently  had  the  pleasure  of  examining  some  of  these  barriers 
in  the  company  of  Mr.  Ball ;  and  to  me  they  represented  nothing 
more  than  the  natural  accidents  of  the  locality.  It  w' ould,  I  think, 
be  far  more  wonderful  to  find  the  rocks  of  the  Alps  perfectly 
homogeneous,  than  to  find  them  exhibiting  such  variations  in 
point  of  resistance  as  are  actually  observed. 

The  question  of  lake-basins  is  in  competent  hands ;  and  on 
its  merits  I  will  at  present  offer  no  opinion.  But  I  cannot 
help  remarking  that  the  dams  referred  to  by  Mr.  Ball  furnish 
a  conclusive  reply  to  some  of  the  arguments  which  have  been 
urged  against  Frof.  Ramsay^s  theory.  These  barriers  have  been 
crossed  by  the  ice,  and  many  of  them  present  steeper  gradients 
than  Prof.  Ramsay  has  to  cope  with  in  order  to  get  his  ice  out 
of  his  lake-basins.  An  inspection  of  the  barriers  shows  that 
they  were  incompetent  to  embay  the  ice :  they  are  scarred  and 
fluted  from  bottom  to  top.  When  it  is  urged  against  Prof. 
Ramsay  that  a  glacier  cannot  drop  into  a  hole  2000  feet  deep 
and  get  out  again,  the  distance  ought  to  be  stated  over  which 
these  2000  feet  have  to  be  distributed,  A  depression  2000  feet 
deep,  if  only  of  sufficient  length,  would  constitute  no  material 
obstacle  to  the  motion  of  a  great  glacier.  With  a  suitable  pres- 
sure from  behind,  the  glacier  would  assuredly  scrape  along  its 
bed.  The  retardation  of  a  glacier  by  its  bed  is  often  referred  to 
as  proving  its  incompetence  as  an  erosive  agent  j  but  this  very 
retardation  is  in  some  measure  an  expression  of  the  magnitude  of 
the  erosive  energy.  Either  the  bed  must  give  way,  or  the  ice 
must  slide  over  itself;  and  to  make  ice  slide  over  itself  requires 
great  power.  W^e  get  some  idea  of  the  crushing  pressure  which 
the  moving  glacier  exercises  against  its  bed  from  the  fact  that 
resistance,  and  the  effort  to  overcome  it,  are  such  as  to  make 
the  upper  layers  of  a  glacier  move  bodily  over  the  lower  ones — a 
portion  only  of  the  total  motion  being  due  to  the  progress  of  the 
entire  mass  of  the  glacier  down  its  valley. 

The  sudden  bend  in  the  valley  of  the  Rhone  at  Martigny 
has  been  regarded  as  conclusive  evidence  against  the  theory  of 
erosion.  Why,  it  has  been  asked,  did  not  the  glacier  of  the 
Rhone  go  straight  forward  instead  of  making  this  awkward  bend  ? 
But  if  the  valley  be  a  crack,  why  did  the  crack  make  this  bend  ? 
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The  crack,  I  submit,  had  at  least  as  much  reason  to  prolong 
itself  in  a  straight  line  as  the  glacier  had.  A  statement  of  Sir 
John  Herschel  with  reference  to  another  matter  is  perfectly  ap- 
plicable here  : — "A  crack  once  produced  has  a  tendency  to  run — 
for  this  plain  reason,  that  at  its  momentary  limit,  at  the  point 
on  which  it  has  just  arrived,  the  divellent  force  on  the  molecules 
there  situated  is  counteracted  only  by  half  the  cohesive  force 
which  acted  when  there  was  no  crack,  viz.  the  cohesion  of  the 
uncracked  portion  alone  "  (Proc.  Roy.  Soc.  vol.  xii.  p.  678).  To 
account  for  the  bend,  the  adherent  of  the  fracture  theory  must 
assume  the  existence  of  some  accident  which  turned  the  crack  at 
right  angles  to  itself;  and  he  surely  will  permit  the  adherent  of 
the  erosion  theory  to  make  a  similai"  assumption.  The  influence 
of  small  accidents  on  the  direction  of  rivers  is  beautifully  illus- 
trated in  glacier  streams,  which,  on  slopes  of  equal  inclination,  cut 
either  straight  or  sinuous  channels,  the  determining  causes  being 
apparently  of  the  most  trivial  character.  In  his  interesting  paper 
"  On  the  Lakes  of  Switzerland,'^  M.  Studer  refers  to  the  bend  of 
the  Rhine  at  Sargans  in  proof  that  the  river  must  there  follow  a 
pre-existing  fissure.  I  made  a  special  expedition  to  the  place  this 
year ;  and  though  I  felt  that  M.  Studer  had  good  grounds  for  the 
selection  of  this  spot,  I  was  unable  to  arrive  at  his  conclusion 
as  to  the  necessity  of  a  fissure. 

In  the  interesting  volume  recently  published  by  the  Swiss 
Alpine  Club,  M.  Desor  informs  us  that  the  Swiss  naturalists 
who  met  last  year  at  Samaden  visited  the  end  of  the  Morte- 
ratsch  glacier,  and  there  convinced  themselves  that  a  glacier  had 
no  tendency  whatever  to  imbed  itself  in  the  soil.  I  scarcely 
think  that  the  question  of  glacier  erosion,  as  applied  either  to 
lakes  or  valleys,  is  to  be  disposed  of  so  easily.  My  experience 
regafding  the  Morteratsch  glacier  shall  now  be  recounted.  I 
this  year  took  with  me  a  theodolite  to  Pontresina,  and  while 
there  had  to  congratulate  myself  on  the  invaluable  aid  of  my 
friend  Mr.  Hirst,  who  in  1857  did  such  good  service  upon  the 
Mer  de  Glace  and  its  tributaries.  We  set  out  three  lines  across 
the  Morteratsch  glacier,  one  of  which  crossed  the  ice-stream 
near  the  well-known  hut  of  the  painter  Georgei,  while  the  two 
others  were  staked  out,  the  one  above  the  hut  and  the  other 
below  it.  Calling  the  highest  line  A,  the  line  which  crossed 
the  glacier  at  the  hut  B,  and  the  lowest  line  C,  the  following  are 
the  mean  hourly  motions  of  the  three  lines,  deduced  from  obser- 
vations which  extended  over  several  days.  On  each  line  eleven 
stakes  were  fixed,  which  are  designated  by  the  figures  1,  2,  3, 
&c.  in  the  Tables. 
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Morteratsch  Glacier,  Line  A, 

No.  of  stake.  Hourly  motion. 

1 0*35  inch. 

2 0-49    „ 

3 0-53    „ 

4 0-54    „ 

5 056    „ 

6 0-54    „ 

7 0-52    „ 

8 0-49    „ 

9 0-40    „ 

10 0-29    „ 

11 0-20    „ 

As  iu  all  other  measurements  of  this  kind^  the  retarding  influence 
of  the  sides  of  the  glacier  is  manifest :  the  centre  moves  with  the 
greatest  velocity. 

Morteratsch  Glacier,  Line  B. 

No.  of  stake.  Hourly  motion. 

1 0-05  inch. 

2 014     „ 

3 0-24     „ 

4 0-32     „ 

5 0-41     „ 

6 0-44    „ 

7 0-44    „ 

8.     .....     .     0-45     „ 

9 0-43    „ 

10 044    „ 

11 0-44    „ 

The  first  stake  of  this  line  was  quite  close  to  the  edge  of  the 
glacier,  and  the  ice  was  thin  at  the  place,  hence  its  slow  motion. 
Crevasses  prevented  us  from  carrying  the  line  sufficiently  far 
across  to  render  the  retardation  of  the  further  side  of  the  glacier 
fully  evident. 

Morteratsch  Glacier,  Line  C. 
No.  of  stake.  Hourly  motion, 

1 0-05  inch. 

2 009     „ 

3 0-18     „ 

4 0-20    „ 

5 0-25     „ 

6 0-27     „ 

7 0-27     „ 

8 0-30     „ 

9 0-21     „ 

10 0-20     „ 

11 0-16     „ 
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Comparing  the  three  lines  together,  it  will  be  observed  that 
the  velocity  diminishes  as  we  descend  the  glacier.  In  100  hours 
the  maximum  motion  of  the  three  lines  respectively  is  as  follows: — 

Maximum  Motion  in  100  hours. 

Line  A 56  inches. 

»     B 45       „ 

„     C 30       „ 

This  deportment  explains  an  appearance  which  must  strike 
every  observer  who  looks  upon  this  glacier  from  the  Pitz  Lan- 
guard,  or  from  the  new  Bernina  Road.  A  medial  moraine  runs 
along  the  glacier,  commencing  as  a  narrow  streak  high  up  ;  but 
towards  the  end  the  moraine  extends  in  width,  and  finally 
quite  covers  the  terminal  portion  of  the  glacier.  The  cause  of 
this  is  revealed  by  the  foregoing  measurements,  which  prove  that 
a  stone  on  the  moraine  where  it  is  crossed  by  the  line  A,  ap- 
proaches a  second  stone  on  the  moraine  where  it  is  crossed  by 
the  line  C  with  a  velocity  of  26  inches  in  100  hours.  The 
moraine  is  in  a  state  of  longitudinal  compression.  Its  materials 
are  more  and  more  crowded  together,  and  must  consequently 
move  laterally  and  render  the  moraine  at  the  terminal  portion 
of  the  glacier  wider  than  above. 

The  motion  of  the  Morteratsch  glacier,  then,  diminishes  as  we 
descend.  The  maximum  motion  of  the  third  line  is  30  inches 
in  100  hours,  or  7  inches  a  day — a  very  slow  motion ;  and  had 
we  run  our  lines  nearer  to  the  end  of  the  glacier,  the  motion 
would  have  been  slower  still.  At  the  end  itself  it  is  nearly 
insensible.  Now  I  submit  that  this  is  not  the  place  to  seek  for 
the  scooping  power  of  a  glacier.  The  opinion  appears  to  be  pre- 
valent that  it  is  the  snout  of  a  glacier  that  must  act  the  part 
of  ploughshare;  and  it  is  certainly  an  erroneous  opinion.  The 
scooping  power  will  exert  itself  most  where  the  weight,  and  con- 
sequently, other  things  being  equal,  the  motion  is  greatest.  A 
glacier's  snout  often  rests  upon  matter  which  has  been  scooped 
from  the  glacier's  bed  higher  up.  I  therefore  do  not  think  that 
the  inspection  of  what  the  end  of  a  glacier  does  or  does  not 
accomplish  can  decide  this  question. 

The  snout  of  a  glacier  is  potent  to  remove  anything  against 
which  it  can  fairly  abut ;  and  this  power,  notwithstanding  the 
slowness  of  the  motion,  manifests  itself  at  the  end  of  the  Mor- 
teratsch glacier.  A  hillock,  bearing  pine  trees,  was  in  front  of 
the  glacier  when  Mr.  Hirst  and  myself  inspected  its  end ;  and  this 
hillock  is  being  bodily  removed  by  the  thrust  of  the  ice.  Several 
of  the  trees  are  overturned ;  and  in  a  few  years,  if  the  glacier 
continues  its  reputed  advance,  the  mound  will  certainly  be 
ploughed  away. 
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I  will  here  add  a  few  measurements  executed  on  the  Rosegg 
glacier :  the  line  was  staked  out  across  the  trunk  formed  by 
the  junction  of  the  Rosegg  glacier  proper  with  the  Tschierva 
glacier^  a  short  distance  below  the  rocky  promontory  called 
Agaliogs. 

Rosegg  Glacier. 

No.  of  stake.  Hourly  motion. 

1 001  inch. 

2 0-05  „ 

3 007  „ 

4 0-10  „ 

5 Oil  „ 

6 0-13  „ 

7 014  „ 

8 0-18  „ 

9 0-24  „ 

10 0-23  „ 

11 .  0-24  „ 

This  is  an  extremely  slowly  moving  glacier;  the  maximum 
here  found  hardly  amounts  to  7  inches  a  day.  Crevasses  pre- 
vented me  from  continuing  the  line  quite  across  the  glacier. 

To  return  to  the  question  of  Alpine  conformation, — it  stands, 
I  think,  thus  : — We  have,  in  the  first  place,  great  valleys, 
such  as  those  of  the  Rhine  and  the  Rhone,  to  which  we  might 
conveniently  give  the  name  of  valleys  of  the  Ist  order.  The 
mountains  which  flank  these  main  valleys  are  also  cut  by  lateral 
valleys  which  run  into  the  main  one,  and  which  may  be  called 
valleys  of  the  2nd  order.  When  these  latter  are  examined, 
smaller  valleys  are  found  running  into  them,  which  may  be  called 
valleys  of  the  3rd  order.  Smaller  ravines  and  depressions,  again, 
join  the  latter,  which  may  be  called  valleys  of  the  4th  order,  and 
so  on  until  we  reach  streaks  and  cuttings  so  minute  as  not  to 
merit  the  name  of  valleys  at  all.  At  the  bottom  of  every  valley 
we  have  a  stream,  diminishing  in  magnitude  as  the  order  of  the 
valley  ascends,  carving  eternally  at  the  earth  and  carrying  its 
materials  to  lower  levels.  We  find  moreover  that  the  larger 
valleys  have  been  filled  for  untold  ages  by  glaciers  of  enormous 
dimensions,  and  that  these  glaciers  were  always  moving,  grinding 
down  and  tearing  away  the  rocks  over  which  they  past.  We 
have,  moreover,  on  the  plains  which  extend  at  the  feet  of  the 
mountains,  and  in  enormous  quantities,  the  very  matter  derived 
from  the  sculpture  of  the  mountains  themselves.  The  plains  of 
Italy  and  Switzerland  are  cumbered  by  the  debris  of  the  Alps. 
The  lower,  wider,  and  more  level  valleys  are  also  filled  to 
unknown  depths  with  the  materials  derived  from  the   higher 
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ones.  In  the  vast  quantities  of  moraine-matter  which  cum- 
ber many  of  the  valleys  we  have  also  suggestions  as  to  the 
magnitude  of  the  erosion  which  has  taken  place.  This  moraine- 
matter,  moreover,  is  only  in  part  derived  from  the  falling  of 
rocks  from  the  eminences  upon  the  glacier ;  it  is  also  in  great  part 
derived  from  the  grinding  and  the  ploughing-out  of  the  glacier 
itself.  This  accounts  for  the  magnitude  of  many  of  these  ancient 
moraines,  which  date  from  a  period  when  almost  all  the  moun- 
tains were  covered  with  ice  and  snow,  and  when  consequently  the 
quantity  of  moraine-matter  derived  from  the  naked  crests  cannot 
have  been  considerable.  The  erosion  theory  ascribes  the  forma- 
tion of  Alpine  valleys  to  the  agencies  here  briefly  referred  to.  It 
invokes  nothing  but  true  causes.  The  artificers  by  which  its 
work  is  performed  are  still  there,  though,  it  may  be,  in  dimi- 
nished strength ;  and  if  they  are  granted  sufficient  time,  it  is 
demonstrable  that  they  are  competent  to  produce  the  effects 
ascribed  to  them.  And  what  does  the  fracture  theory  offer  in 
comparison  ?  From  no  possible  application  of  this  theory,  pure 
and  simple,  can  we  obtain  the  slopes  and  forms  of  the  moun- 
tains. Erosion  must  in  the  long  run  be  invoked,  and  its  power 
therefore  conceded.  The  fracture  theory  infers  from  the  dis- 
tm-bances  of  the  Alps  the  existence  of  fissures ;  and  this  is  a  pro- 
bable inference.  But  that  they  were  of  a  magnitude  sufficient 
to  determine  the  conformation  of  the  Alps,  and  that  they  fol- 
lowed, as  the  Alpine  valleys  do,  the  lines  of  natural  drainage  of 
the  country,  are  assumptions  which  do  not  appear  to  me  to  be 
justified  either  by  reason  or  by  observation. 
Royal  Institution, 
September  1864. 

P.S. — The  foregoing  paper  was  in  the  printer's  hands  before 
it  was  my  privilege  to  read  the  last  Anniversary  Address  to  the 
Geographical  Society  by  its  President,  Sir  Roderick  Murchisou. 
I  have  since  considered  the  arguments,  and  given,  1  trust,  due 
weight  to  the  authorities  urged  and  cited  in  that  excellent  Address 
against  the  theory  of  erosion,  as  applied  to  the  valleys  of  the 
Alps.  But  the  effect  on  my  mind  is  not  such  as  to  induce  me 
to  alter  the  opinions,  based  on  observed  facts,  which  I  have  ven- 
tured to  express  in  these  pages. 


XXXI.   On  the  Law  of  the  Expansion  of  the  Gases  by  increase  of 
Temperature.     By  Professor  Potter,  A.M.* 

IN  the  theory  of  heat,  the  law  of  the  expansion  of  the  gases 
by  increase  of  temperature  is  a  most  important  subject,  not 
only  on  account  of  the  air- thermometer  having  been  taken  as  the 
*  Communicated  by  the  Author, 
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standard  to  which  the  liquid  and  solid  thermometers  were  com- 
pared, but  also  with  respect  to  the  chemical  hypothesis  of  equi- 
valent combining-volumes  of  gases. 

The  laws  of  the  expansion  of  the  gases  by  equal  increments, 
proposed  by  Gay-Lussac,  and  of  uniform  expansion,  proposed  by 
Dalton,  give  results  which  differ  very  little  between  the  points  of 
the  freezing  and  boiling  of  water,  but  they  diverge  greatly  at 
higher  temperatures.     Dalton's  law,  expressed  in  the  formula 

V  =  Vo.  e*'°,  where  V  is  the  volume  of  a  gas  at  t°  above  the 
zero-point  of  the  thermometric  scale,  and  Vq  the  volume  at  the 
zero  of  the  scale,  had  a  greater  j)rimd  facie  claim  to  be  considered 
a  physical  law  than  that  of  Gay-Lussac,  of  which  the  formula  is 

V  =  Vo(l -f  a/"),  because,  the  expansion  for  one  degree  in  the 

V  —V 

latter  being  ~^ — ^=a>  obtained  by  putting  ^''=1",  we  do  not 

see  why  any  temperature  for  a  gas  may  not  be  taken  as  reason- 

SV 
ably  as  the  freezing-point  of  water,  and  that  generally -rr^  =«  = 

constant:  then  integrating  we  obtain- for  Dalton's  law V  =  V^.e"^; 
and  expanding  we  have 

/  u^t°^         a^f^  \ 

By  stopping  at  the  term  with  the  first  power  of  a  =  ^Q  on 
Fahrenheit's  scale  nearly,  we  have  Gay-Lussac's  law.  Never- 
theless I  now  think  that  Gay-Lussac's  law  is  a  nearer  approxi- 
mation than  Dalton's  in  ordinary  temperatures,  and  a  very  much 
nearer  one  for  high  temperatures. 

The  important  experiments  of  M.  Regnault  show  that  the 
coefficient  of  expansion  for  air  increases  with  the  density,  or  as 
the  molecules  are  nearer  together*.  Carbonic  acid  gas  exhibits  the 
same  property  still  more  strongly,  and  sulphurous  acid  gas  shows 
it  in  a  still  higher  degree.  The  expansion  or  value  of  a.  for  the 
interval  between  the  freezing-  and  boiling-points  of  water  at 
ordinary  atmospheric  pressure  for  carbonic  acid  gas  being  '37099, 
it  becomes  "SSiSS  at  a  pressure  of  rather  more  than  three  atmo- 
spheres ;   whilst  hydrogen  gas  shows  no  reliable  variation. 

Now  as  the  atoms  of  a  gas  approach  each  other  when  the 
temperature  is  diminished,  we  have  a  right  to  expect  the  same 
result  at  lower  temperatures  at  the  same  pressure :  and  Gay- 
Lussac's  law  gives  such  a  result ;  for  the  constant  increment 

V  —V 

a=    '        "bears  asmallerratiototheactualvolumeV=Vo(l  +a/°) 

as  the  degrees  /°  are  increased,  and  a  greater  ratio  as  the  degrees 
— 1°  are  more  below  the  freezing-point  of  water. 

*  Relation  des  Exp&iences,  &c.,  vol.  i.  p.  110. 
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The  air-thermometer  being  taken  as  the  standard,  we  are  not 
able  to  employ  it  to  show  its  own  errors,  but  must  have  recourse 
to  the  liquefiable  gases,  where  the  deviation  from  Gay-Lussac's 
law  becomes  very  great  compared  with  that  of  air,  and  will  con- 
sequently be  well  ascertained  by  taking  the  air-thermometer  as 
exact  in  the  first  instance,  and  afterwards  attributing  to  air  the 
same  law,  with  different  constants,  as  that  found  for  the  lique- 
fiable gas.  In  this  manner  we  shall  find  that  the  air-thermo- 
meters must  give  place  to  a  thermometer  formed  with  hydrogen 
gas,  or  the  mercurial  thermometer  accurately  graduated  for  the 
law  of  uniform  expansion,  or  otherwise  for  low  temperatures  the 
spirit-thermometer  accurately  graduated  according  to  the  law  of 
the  hyperbolic  expansion  of  alcohol,  when  critically  exact  tempe- 
ratures are  required  to  be  known. 

M.  Regnault  found*  that  a  thermometer  formed  with  sulphu- 
rous acid  gas,  on  being  compared  with  an  air-thermometer,  gave 
the  following  results  for  the  mean  value  of  «  for  Centigrade 
degrees : — 

From  0  Centigrade  to    98-12  C.  the  mean  value  of  «=  003825] 


102-45 
185-42 
257-17 
299  90 
310-31 


=  -0038225 
=  •0037999 
=  •0037923 
=  -0037913 
=  0037893 


In  seeking  for  the  law 
which  will  include  these 
results,  we  shall  find  that 
they  conform  to  a  hyper- 
bolic law  of  expansion ; 
andGay-Lussac^s  lawarises 
from  taking  at  great  dis- 
tances from  the  centre 
the  asymptote  of  the  hy- 
perbola for  the  arc;  and 
thus  Gay-Lussac^s  law  be- 
comes an  exceedingly  near 
approximation  for  hydrogen  gas,  and  a  very  near  one  for  oxygen, 
nitrogen,  and  atmospheric  air. 

To  apply  the  equation  of  the  hyperbola  to  the  results  for  sul- 
phurous acid,  in  the  figure  let  Cx,  C  y  be  the  axes  of  coordi- 
nates to  the  origin  C  as  centre  of  the  hyperbolic  arc  PAP';  let 
C  T,  C  T'  be  the  asymptotes ;  let  0  be  any  origin  from  which 
the  temperatures  are  represented  along  the  axis  of  x,  whilst  the 

*  Relation  des  Experiences,  &c.,  vol.  i.  pp.  188,  189. 
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volumes  of  the  gas  are  represented  by  the  ordinates,  as  P  M  =  ?/ 
when  CM  —  x.  Let  C  x\.  =  a=  semi-major  axis  of  the  hyjierbola, 
CO  =  m,  and  OM=a/  the  temperatures  t°  on  the  Centigrade 
scale,  so  that  .rsm  +  a/;  then,  the  equation  of  the  hyperbola 
being 

^j,({rn  +  ^f-a^^, 

we  have  to  find  from  three  conditions  the  values  of  -5,  m,  and  a*. 

Now,  taking  the  volume  of  the  gas  at  the  freezing-point  of 
water,  and  (represented  in  the  figure  by  j'jO  =  yQ)  as  100  measures, 
and  OM=:a?'  being  the  Centigrade  degrees,  we  have,  if  PM=y', 


y'2=^((m  +  a/)^-«2)^ 


and  similarly 


which  by  eliminating  give 

2b^\     01}     )      2~2b^\     x"     J       2' 


a/',  x^^—x'  .X" 


a^ 
a2  =  m2- T2.yo^. 


Calculating  the  volumes  y^,  t/^  Va-'-ye  from  M.  Regnault^s 
values  of  a  at  the  Centigrade  temperatures  od^,  x'^  a/g . . .  a/g,  we 
have  as  follows  :  at 

x\=  98-12  C.  then  ?/i  =  7/oX  1-37532, 

a?'2=102-45       „       5^2=2/0  xl'39162, 

a;'3=185-42       „       y3=yoX  1-70458, 

a?'4=257-17       „       y4=yoXl'97'527, 

a''^=299-90       „       2^5=^0x2-13701, 

0^6=310-31       „       y6=yoX  2-17586. 

b^ 
Taking  a;'o?/o>  ^i^/u  ^'5^5  to  determine  the  constants  -g,  m,  and 

a^,  we  find 
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^  =  •13913,  and  -  =  '3730, 
a^  a 

m= 277-464, 

«2=5111-2,  and  a  =  71-492. 

Applying  these  to  find  the  remaining  values  of  ij  by  the  equation 
of  the  hyperbola,  we  have 

.  2/0=100 
y,  =  137-533, 
^2=  139-176, 
^3=  170-584, 
5^4=  197-628, 
2/5  =  213-700, 
2/6=217-613, 

and  we  see  that  the  ordinates  of  the  hyperbola  furnish  volumes 
as  near  to  M.  Regnault's  experimental  results  as  can  be  expected. 

The  value  of-  =-3730  is  trig,   tangent  of  the  angle  which 

the  asymptote  makes  with  the  axis  of  a?,  and  is  the  extreme 
value  of  a,  which  we  see  is  not  the  same  as  for  other  gases, 
which  M.  Reguault  expected*  might  be  the  case  in  the  limit  for 
very  high  temperatures,  or  in  the  state  of  extreme  dilatation. 

By  differentiating  the  equation  of  the  hyperbola  to  the  centre 
as  origin,  or 


a* 


we  have 


dy  _b  1 

dx~  a        /        ^' 

d/u 
and  when  *=  +«,  then  -^  =  infinity;  and  this  must  be  at  the 

point  of  liquefaction  of  the  gas,  which,  when  known  under  a 
given  pressure,  will  give  an  important  datum,  and  probably  much 
more  accurate  than  can  be  found  from  the  discussion  of  experi- 
ments like  the  preceding.     When  a?=  infinity,  we  have  -~  =  -^ 

which  equals  a.  in  Gay-Lussac's  law.  The  law  of  Amontons 
being  expressed  in  the  form  p  =  Kp(\-\-a.t°),  must  be  z-eceived 
as  the  true  law  within  the  limits  of  accuracy  which  can  be  attri- 
buted to  the  laws  of  Boyle  and  Gay-Lussac,  of  which  it  is  com- 
pounded, but  it  is  not  an  absolutely  exact  law  for  any  gas. 

*  Relation  des  Experiences,  &c,  vol.  i.  p.  120. 
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XXXII.   On  Molecular  Physics.     By  Prof.  W.  A.  Norton. 

[Continued  from  p.  204.") 
Molecular  Constitution  and  Mechanical  Properties  of  Bodies. 
VERY  body  of  matter  consists  of  separate  particles,  or  mole- 


cules in  a  state  of  equilibrium  under  the  action  of  the  forces 
proper  to  the  particles,  or  of  these  in  connexion  with  extraneous 
forces  taking  effect  upon  the  particles.  The  interstices  between 
the  molecules  we  conceive  to  be  pervaded  by  both  the  electric 
and  the  universal  sether,  having  probably  different  densities  in 
diffei'ent  substances.  The  state  of  equilibrium  in  which  each 
particle  of  the  mass  subsists,  implies  that  the  effective  forces 
acting  upon  it,  from  opposite  sides,  are  equal  and  directly  op- 
posed, or  else  that  the  effective  forces  of  each  side  are  equal  to 
zero.  The  different  mechanical  properties  of  different  sub- 
stances may  be  ascribed,  primarily,  to  differences  in  the  value 
of  the  ratio  of  the  constants  of  electric  attraction  and  repulsion 

(  ,  in  Table  I.):  and  to  a  certain  extent  also  to  differences  in 
\m  ) 

the  size  of  the  molecular  atmospheres,  upon  which  the  value  of 
k  in  Table  I.  partly  depends.     In  consequence  of  these  sup- 

posed  differences  in  the  value  of  the  ratio  — ,  each  substance 

m 

should  have  its  own  special  curve  of  molecular  action.  It  is 
natural  to  suppose  that  the  constant  n  of  the  force  of  attraction 
exerted  by  the  atom  upon  its  atmosphere  would  in  general  increase 
with  the  mass  of  the  atom,  and  so  that  the  force  of  cohesion  would 
be  greatest  in  those  substances  whose  atomic  weights  are  the 
greatest.  But  as  we  cannot  affirm  that  the  weight  of  an  atom 
must  necessarily  be  proportional  to  the  force  of  attraction  ex- 
erted by  it  upon  its  electric  atmosphere,  and  as  the  constant  in 
may  also  be  subject  to  variations,  substances  of  nearly  equal 
atomic  weights  {e.  g.,  gold,  platinum,  bismuth,  and  lead)  may 
have  different  properties. 

The  molecules  of  a  substance  in  the  solid  state  may  be  aggre- 
gated together  as  a  homogeneous  mass,  or  in  groups  more  or  less 
complex.  The  mechanical  properties  of  the  mass  vary  with  the 
mode  of  aggregation.  The  form  of  aggregation  assumed,  in  the 
process  of  solidification,  depends  upon  the  circumstances,  with 
respect  to  cooling,  pressure,  &c.,  under  which  the  solidification 
occurs.  The  effect  of  the  same  circumstances  should  vary  with 
different  substances,  with  their  properties  in  relation  to  heat ;  but 
these  properties  are  primarily  dependent  upon  the  general  fea- 
tures in  the  constitution  and  condition  of  the  molecules,  upon 
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which  the  laws  of  effective  molecular  action,  as  shown  by  the 
proper  curve,  depend. 

Contemplating  from  our  present  point  of  view  the  varying 
mechanical  states  and  conditions  which  the  same  substance  may 
assume  under  different  circumstances,  we  are  led  to  recognize,  as 
an  essential  physical  feature,  upon  which  such  changes  either 
wholly  or  partially  depend,  the  fact  that  the  mechanical  condi- 
tion of  the  individual  molecules  is  not  fixed  and  unchangeable, 
but  liable  to  material  variations.  We  perceive  their  atmo- 
spheres expanding  under  the  influence  of  heat,  and  contracting 
from  the  effect  of  external  pressure,  and  that  certain  phenomena 
and  permanent  changes  of  property  result  from  these  atmospheric 
changes  {e.  g.  changes  of  property  in  passing  from  the  solid 
to  the  liquid  form,  or  vice  versa;  permanent  displacement  of 
particles  produced  by  the  temporary  action  of  forces  of  a  cer- 
tain intensity  upon  bodies). 

States  of  Aggregation  of  Matter. — These  are  three  essentially 
different  states  of  equilibrium.  In  the  solid  form,  the  particles 
immediately  contiguous  to  each  other  are  in  a  condition  of  equi- 
librium under  the  action  of  their  own  molecular  forces ;  if  more 
distant  particles  exercise  any  effective  action,  it  is  attractive,  and 
neutralized  by  a  similar  action  on  the  other  side  of  the  particle. 
To  be  more  definite,  each  molecule  of  the  mass  is  surrounded 
by  others  at  various  orders  of  distance  from  it ;  and  each  pair 
of  molecules  at  the  first  order  of  distance  from  each  other  are  in 
a  condition  of  equilibrium  by  themselves,  which  is  equivalent  to 
saying  that  their  electric  atmospheres  are  separated  by  the  distance 
Off,  fig.  1  (p.  203).  For  the  second  order  of  distance  the  action 
should  then  be  attractive ;  but  it  may  very  well  be  that  when  a 
permanent  equilibrium  of  the  mass  has  been  reached,  the  atmo- 
spheres of  two  particles  at  this  order  of  distance  will  be  so  ex- 
panded by  their  attractive  action,  on  the  line  of  their  centres, 

that,  for  the  diminished  value  of  -  thus  resulting,  the  distance 

m  ° 

between  the  atmospheres  on  this  line  will  be  the  increased  dis- 
tance Ofl  for  the  curve  corresponding  to  this  diminished  value  of 

—.     Upon  this  supposition,  each  particle  would  be  separately  in 

equilibrium  with  every  particle  contiguous  to  it,  both  at  the  first 
and  second  order  of  distance.  We  shall  have  occasion  to  note 
hereafter  that  this  state  of  things  is  probably  more  or  less  perfectly 
realized  under  different  circumstances  of  solidification.  As  to 
the  action  of  more  distant  molecules,  it  is  first  to  be  observed 
that,  if  two  molecules  are  in  equilibrium  under  their  mutual 
actions,  the  attractive  and  repulsive  impulses  exerted  by  each 
upon  the  central  atom  of  the  other  must  be  equal,  and  therefore 
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that  no  effective  action,  either  attractive  or  repulsive,  can  be 
transmitted  to  other  more  distant  particles  on  the  same  line. 
Under  these  circumstances,  one  molecule,  in  receiving  the  action 
of  another,  intercepts  the  action  that  would  otherwise  take  eflFect 
upon  other  more  distant  molecules.     This  being  admitted,  it 
may  be  perceived,  on  examining  Table  I.,  that  the  attractive 
actions  of  particles  which  lie  beyond  the  second  order  of  distance 
from  a  given  particle,  will  be  in  a  great  measure  intercepted  by 
intervening  particles.     In  what  has  now  been  stated  with  respect 
to  the  solid  condition,  we  have  had  in  mind  a  homogeneous  mass 
of  molecules  only.     We  cannot  here  enter  upon  the  considera- 
tion of  the  case  in  which  the  molecules  are  aggregated  into  groups. 
In  the  liquid  state,  the  contiguous  particles  repel  each  other ; 
and  particles  more  distant  exert  no  sensible  action,  or  a  feeble 
attractive  one.     Here,  as  in  the  case  of  a  solid,  the   sensible 
action  is  confined  chiefly  to  particles  that  lie  at  the  first  and 
second  orders  of  distance.     These  remarks  apply  to  the  general 
mass  of  the  liquid.     The  molecular  atmospheres  are  in  an  ex- 
panded condition  from  the  effect  of  the  heat  of  fluidity ;  and  it 
is  from  this  fact  that  the  peculiar  properties  of  the  liquid  state 
result.     As  we  draw  near  the   surface  of  the  liquid,   the  atmo- 
spheres are  in  a  condition  of  greater  and  greater  expansion  as 
the  necessary  result  of  the  process  of  liquefaction,  and  therefore 
their  proper  attractive  actions  are  less  and  less.     From  this 
cause  it  happens  that  each    particle  near  the  surface  is  more 
effectively  attracted  by  those  below  it,  beyond  the  first  order  of 
distance,  than  by  those  above  it,  and  thus  each  layer  of  parti- 
cles is  compressed  upon  that  immediately  below  it ;   also  to  a 
certain  depth  more  particles  will  exert  their  attraction  from  below 
than  from  above.     As  a  consequence,  the  density  must  increase 
from  the  surface  to  a  certain  small  depth  below  it,  and  a  force  of 
compression  be  exerted  throughout  the  whole  liquid  mass.    This 
foi'ce  determines,  and  is  in  equilibrium  wdth,  a  mutual  repulsion 
between  the  particles  of  the  liquid.     From  the  essential  nature 
of  a  liquid,  as  we  shall  soon  see,  this  increasing  molecular  repul- 
sion, from  the  surface  downward,  operates  in  all  directions  from 
each  molecule,  and  so  tends  to  neutralize  the  attractive  actions 
between  molecules  separated  by  the  second  order  of  distance; 
as  the  final  result,  therefore,  at  the  depth  at  which  the  density 
ceases  to  increase,  and  all  greater  depths,  the  action  between  two 
such  moleules  should  be  either  feebly  attractive,  or  altogether 
evanescent*. 

*  The  theory  of  the  existence  of  a  contractile  force  at  the  surface  of  a 
hquid,  as  the  result  of  molecular  action,  was  advocated  by  Young  and 
Poisson,  and  employed  by  them  in  explanation  of  the  phenomena  of  capil- 
larity. It  has  also  been  ably  sustained  and  illustrated  by  Professor  Henry 
by  many  ingenious  experiments. 
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The  views  which  have  now  been  presented  enable  us  to  form 
a  definite  conception  of  the  probable  arrangement  of  the  mole- 
cules of  a  liquid.  If  the  state  of  equilibrium  be  such  as  we  have 
represented,  we  must  conclude  that  a  perfectly  symmetrical  ar- 
rangement of  particles,  similar  to  that  which  subsists  in  crystals, 
prevails  throughout  the  whole  mass. 

We  conceive  the  fundamental  distinction  between  a  solid  and 
a  liquid,  from  the  mechanical  point  of  view,  to  be  that  the  exter- 
nal impulses  which  fall  upon  the  molecule  of  a  solid,  are  propa- 
gated, either  wholly  or  chiefly,  in  their  original  line  of  direction  ; 
while  those  which  fall  upon  the  molecule  of  a  liquid  are  radiated 
in  every  direction  from  it.  The  physical  cause  of  this  differ- 
ence in  the  mode  of  propagation  of  a  force  appears  to  be  the 
simple  fact  that  in  the  process  of  liquefaction  the  molecular 
atmospheres  are  forced  by  the  heat  of  fluidity  to  a  decidedly 
greater  distance  from  the  atoms  which  they  surround;  thus 
leaving  below  them  a  much  larger  volume  of  universal  aether,  to 
receive  the  impulses  propagated  down  to  it.  If  this  difference 
between  the  mode  of  propagation  of  impulses  by  the  molecules 
of  a  solid  and  liquid  be  admitted,  it  is  not  difficult  to  see  that 
we  have  a  sufficient  cause  for  the  different  mechanical  properties 
attendant  upon  these  two  states  of  aggregation,  without  having 
recourse  to  the  pi-evalent  idea  of  a  permanent  polarity  of  simple 
atoms.  So  far  as  any  polarization  of  molecules  comes  into  ope- 
ration, we  shall  have  occasion  to  remark,  in  discussing  briefly 
the  topic  of  crystallization,  that  it  is  simply  an  induced,  and  for 
the  most  part  a  temporary  condition  of  the  molecular  atmo- 
spheres, developed  in  the  act  of  solidification. 

In  the  aeriform  state  the  particles  are  so  widely  separated  that 
each  is  repelled  by  all  those  which  surround  it,  within  the  limit 
of  effective  action,  and  the  equilibrium  is  determined  by  external 
pressure.  The  properties  of  gases  and  vapours,  and  the  laws 
of  their  expansion  and  contraction,  are  deducible  from  equation 
(3),  p.  200.  The  value  of  x  that  obtains  when  a  vapour  formed 
at  any  temperature  has  its  maximum  tension,  is  the  distance 
Od,  fig.  1,  answering  to  the  maximum  molecular  repulsion  dn; 

and  this  varies  for  different  temperatures,  because  the  ratio  — 

m 

decreases  as    the  temperature    rises.     (See  different  values  of 

maximum  repulsion  answering  to  different  values  of  the  ratio 

-  given  in  Table  I.,  p.  20J.) 

The  process  of  transition  from  the  solid  to  the  liquid  state 
occurs  at  the  surface  of  the  mass.  As  the  heat  is  absorbed,  the 
molecules  near  the  surface  recede  from  each  other;  and  when 
this  expansion  has  reached  a  certain  point,  the  attractive  forces 
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of  the  particles  at  the  different  orders  of  distance  come  succes- 
sively into  action,  being  less  intercepted  by  intervening  particles. 
At  the  same  time,  the  individual  molecular  atmospheres  expand, 
or  recede  from  their  central  atoms,  under  the  action  of  the  heat- 
pulses  that  penetrate  to  these  atoms ;  and  so  the  energy  of  the 
attractive  force  of  each  of  these  molecules  declines.  The  sur- 
face particles  will  thus  continue  to  recede  at  the  same  time  that 
they  are  restrained  by  the  attractions  of  those  below  them. 
This  effect  will  extend  from  the  surface  downward;  and  as  a 
final  result,  a  certain  number  of  layers  are  brought  into  the 
liquid  condition,  in  which,  as  we  have  seen  (p.  278),  the  particles 
mutually  repel  each  other,  in  consequence  of  the  exertion  of  a 
compressing  force  at  the  surface.  In  the  case  of  a  liquid  that 
omits  vapour  at  the  temperature  of  liquefaction,  we  must  con- 
clude that  the  particles  at  the  very  surface  become  ultimately 
subject  to  an  effective  repulsion  from  the  united  action  of  those 
below  it,  which  is  in  equilibrium  with  the  tension  of  the  vapour 
resting  on  the  surface ;  and  that  this  effective  repulsion  extends 
to  all  points  above  the  surface. 

The  heat  of  fluidity  is  consumed  in  forcing  up  the  molecular 
atmospheres.  As  a  final  result  of  the  liquefaction,  these  atmo- 
spheres remain  in  an  expanded  condition.  The  effect  of  this 
expansion  is  to  diminish  the  values  of  v  given  by  equation  (1) 
(see  p.  200),  and  increase  the  distance  Oa,  fig.  1.  The  actual 
distance  between  two  contiguous  atmospheres  is  less  than  the 
increased  distance  Oa,  by  reason  of  the  compressing  force  that 
takes  effect  throughout  the  liquid  mass.  But  the  ultimate  com- 
pression imparted  to  the  individual  atmospheres  will  depend 
in  a  great  degree  upon  the  final  value  of  the  attractive  action 
V  between  the  molecules,  and  may  therefore  still  be  less  than 
that  which  obtained  in  the  solid  state.  In  this  diminished  value 
of  V  we  have,  at  the  same  time,  the  explanation  of  the  dimi- 
nished force  of  cohesion  attendant  upon  the  liquid  state.  The 
comparative  densities  of  the  liquid  and  solid  also  depend  upon 
V.  For  we  have  just  seen  that  the  distance  between  the  con- 
tiguous atmospheres  of  two  particles  of  the  liquid  is  less  than 
the  increased  value  of  Oa,  but  this  distance  may,  according  to 
the  intensity  of  the  attractive  force  v,  be  either  greater  or  less 
than  the  original  value  of  Oa,  which  was  the  distance  between 
the  atmospheres  of  the  same  particles  in  the  solid  condition. 
Accordingly  the  liquid  may  be  either  more  or  less  dense  than 
the  solid  from  which  it  is  derived. 

The  passage  from  the  liquid  to  the  solid  state  is  essentially 
the  inverse  of  that  which  has  just  been  under  consideration,  and 
in  the  general  survey  we  are  now  taking  need  not  be  considered 
in  detail.    -The  mass  of  molecules  and  their  individual  atmo- 
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spheres  now  contract  instead  of  expanding;  and  in  the  final  act 
oi  sohdification  the  contiguous  molecules  assume  the  positions 
due  to  their  own  special  forces.  While  all  this  is  being  accom- 
plished, the  molecular  atmospheres  contract,  and  heat  is  given 
out. 

The  explanation  of  the  process  of  evaporation  will  be  readily 
inferred  from  what  has  already  been  stated  with  regard  to  the 
condition  of  the  surface  of  a  liquid  (p.  280).  The  nice  equipoise 
of  the  surface  particles  may  be  disturbed  either  by  a  slight  ele- 
vation of  temperature,  or  a  diminution  of  the  tension  of  the 
vapour  resting  upon  them.  The  cooling  effect  of  the  evaporation 
is  to  be  attributed  to  the  expansion  wliich  the  electric  atmo- 
spheres experience  on  being  freed  from  the  coiDpressing  forces 
previously  existing*. 

In  the  process  of  ebullition,  the  expansive  action  of  the  heat 
absorbed  by  the  lovv^er  layers  of  the  liquid  increases  until  the 
superincumbent  pressure,  the  cohesive  attraction  of  the  vessel 
for  the  liquid,  and  the  effective  attractions  subsisting  between 
the  molecules  of  the  liquid  (represented  by  the  ordinates  be- 
tween a  and  h,  fig.  1),  are  overcome.  When  this  point  is  reached 
at  any  part  of  the  liquid  stratum,  the  sej)arated  ])articles  will 
expand  rapidly  into  bubbles  of  vapour,  in  opposition  to  the 
pressure  of  the  atmosphere,  and  the  attractions  denoted  by  the 
decreasing  ordinates  between  b  and  c,  fig.  1.  The  expansion 
should  continue  until  the  distance  between  the  atmospheres  of 
two  particles  increases  to  the  limit  0^,  at  which  the  repulsion 
attains  to  its  maximum  value ;  or  rather  to  a  limiting  distance 
somewhat  greater  than  0^/,  at  which  the  repulsion  due  to  the 
heat-pulses  present  in  the  molecules,  ^;/«s  the  molecular  repul- 
sion at  that  distance,  is  equal  to  the  external  pressure. 

It  cannot  proceed  further  than  tliis  without  a  direct  expendi- 
ture of  heat-force,  which  will  raise  the  temperature  of  the  vapour. 
The  heat  which  becomes  latent,  as  the  phrase  is,  is  expended  in 
the  act  of  expansion,  and  in  forcing  up  the  molecular  atmo- 
spheres in  opposition  to  the  attractive  action  of  the  atoms  and  all 
compressing  forces.  The  amount  of  work  thus  taken  up  by  the 
atmospheres  manifests  itself  also  as  work  of  expansion,  since  it 
is  so  much  work  of  the  atomic  attraction  and  of  the  compressing 
forces  neutralized.     When  the  heat-pulses  are  not  wholly  ex- 

*  It  is  apparently  not  necessary  to  suppose,  as  has  been  done  on  p.  280, 
that  the  tension  of  the  vapour  resting  on  the  surface  of  a  liquid,  when  at 
its  maximuiu,  is  in  equilibrium  with  the  outward  repulsion  experienced  by 
the  outer  layer  of  liquid  particles.  The  equilibrium  may  be  a  dynamical 
one,  the  vapour  may  be  continually  rising  at  certain  points  of  the  surface 
and  continually  passing  back  into  the  liquid  condition  at  other  points, 
the  condensation  compensating  exactly  for  the  evaporation. 
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pended  in  this  manner,  a  portion  of  them  pass  into  the  mole- 
cular atmospheres  and  elevate  the  temperature  of  the  liquid.  If 
the  pressure  upon  the  free  surface  of  the  liquid  exceeds  the 
pressure  of  the  atmosphere,  the  molecular  atmospheres  are  more 

compressed,  the  value  of  m  becomes  greater,  and  the  ratio  — 

diminishes  in  consequence ;  from  this  cause  the  limit  of  the  re- 
cess of  the  particles  {Od,  fig.  1)  diminishes,  and  the  maximum 
repulsion  dn  increases  (see  Table  I.).  The  resulting  vapour  has, 
therefore,  at  the  same  time  a  higher  tension  and  a  greater 
density. 

Accoi'ding  to  the  theoretical  views  now  advanced,  the  "  inte- 
rior work  "  which  Tynuall  maintains  is  expended  in  the  act  of 
liquefaction,  and  also  in  that  of  vaporization,  in  "  moving  the 
atoms  into  new  positions,"  or  in  conferring,'  "potential  energy" 
upon  them,  is  consumed  in  each  instance  in  pressing  up  the 
electric  atmospheres  that  surround  the  atoms  of  the  substance ; 
and  heat  disappears  in  the  process  in  proportion  to  the  effect 
thus  produced. 

[To  be  continued.] 


XXXIII.  Summary  of  the  Properties  of  certain  Stream-Lines. 
By  W.  J.  Macquorn  Rankine,  C.E.,  LL.D.,  F.R.SS.L.S^E* 

1.  ^T^IIE  investigation,  of  which  the  present  paper  is  a  sura- 
A  niary,  consists  of  three  parts.  It  is  a  sequel  to  one  of 
which  an  abstract  was  read  at  the  Meeting  of  the  British  Asso- 
ciation in  1863,  and  which  has  since  been  printed  in  full  in  the 
Philosophical  Transactions  f.  It  relates  to  the  paths  in  which 
the  particles  of  a  liquid  move  past  a  solid  body.  In  the  previous 
paper  (which  was  confined  to  motion  in  two  dimensions)  those 
paths  were  called  "  Water-Lines,"  and  were  treated  of  with  a  view 
mainly  to  their  use  as  figures  for  the  horizontal  or  nearly  hori- 
zontal water-lines  of  ships.  In  the  present  paper  they  are  called 
"  Stream-Lines,"  as  being  a  more  general  term,  and  one  less  liable 
to  be  misunderstood  when  motion  in  three  dimensions  is  con- 
sidered. 

The  term  "  Neoid  "  (j/?;oetS^9,  ship-like)  proposed  in  the  pre- 
vious paper  as  a  general  name  for  water-line  curves  in  two  di- 
mensions, may  be  extended  to  all  the  stream-lines  discussed  in 
the  present  paper ;  for  they  are  all  applicable  to  certain  lines  on 
the  surface  of  a  ship. 

*  Communicated  by  the  Author,  having  been  read  at  the  British  Asso- 
ciation Meeting,  Bath!!  September  19,  1864. 

t  An  abstract  of  that  previous  investigation  appeared  in  the  Philoso- 
phical Magazine  for  October  1863. 
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Part  I. — On  some  Exponential  Stream-Lines  in  two 
Dimensions. 

2.  It  is  well  known  tLat  amongst  the  functions  which  satisfy 
the  conditions  of  liquid  motion  in  two  dimensions,  are  compre- 
hended all  those  of  the  form 

y  +  2  .  e"^  cos  ax. 

Such  functions  as  the  above  obviously  represent  curves  consist- 
ing of  an  endless  series  of  repetitions  of  the  same  figure ;  and 
many  of  those  curves  resemble  the  profiles  of  waves. 

3.  The  first  part  of  the  investigation  consists  of  a  discussion 
of  the  properties  of  the  curves  represented  by  the  simplest  of 
those  exponential  stream-line  functions,  viz. 

b  =  y — e~^cosa; (I.) 

By  giving  to  5  a  set  of  values  in  arithmetical  progression,  this 
function  is  made  to  represent  a  set  of  stream-lines,  dividing  an 
indefinitely  extended  plane  layer  of  liquid  into  a  series  of  curved 
streams  of  equal  flow.  Each  of  those  stream-lines  consists  of  an 
endless  series  of  repetitions  of  the  same  figure,  the  length  parallel 
to  X  of  each  repetition  being  27r;  and  each  repetition  consists  of 
a  pair  of  symmetrical  halves. 

4.  The  graphic  construction  of  those  stream-lines  is  very 
easy,  by  the  aid  of  a  general  method  of  constructing  curves  first 
used  by  Professor  Clerk  Maxwell,  and  applied  by  the  present 
author  to  stream-lines  in  the  previous  investigation  already 
referred  to. 

Draw  a  series  of  straight  lines  parallel  to  x,  and  having  for 
their  equation 

y  —  m, 

— the  values  of  m  being  in  arithmetical  progression,  positive  and 
negative,  with  a  fraction  for  their  common  difference,  which 
should  be  the  smaller  the  more  accurate  the  drawing  is  to  be. 
Then  draw  a  series  of  curves  of  hyperbolic-logarithmic  cosines, 
having  for  their  equation 

e~^cosa7=m', 

— the  values  of  wl,  positive  and  negative,  forming  an  arithmetical 
progression,  and  having  the  same  common  difference  with  those 
of  m.     The  curves  with  positive  values  of  ?w'  lie  between  ,27  =  0 

and  x=  — ;  those  with  negative  values  between  a;=  —  anda7=7r; 

TT 

and  the  straight  line  parallel  to  y,  at  — ,  is  an  asymptote  to  them 

all.  One  and  the  same  mould  serves  to  trace  all  those  curves ; 
for  they  difi'er    only  in   the    maximum    value  of  y,  which    is 

U2 
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+  hyp.  log  m'.  Then  trace  a  series  of  curves  diagonally  through 
the  intersections  of  the  network  already  drawn,  in  such  a  man- 
ner as  to  make  m  —  in'=-h  for  each  curve;  these  will  be  the 
required  stream-lines. 


TT 


5.  The  ordinates  for  which  x  is  an  odd  multiple  of  +  —  are 

asymptotes  to  all  the  stream-lines  at  the  negative  side  of  the 
axis  of  X,  and  are  also  intersected  by  each  stream-line  at  the 
])oint  where  y=-h. 

G.  Maxiuaum  values  of  y  for  all  the  stream-lines  occur  on  the 
ordinates  where  x  has  the  value  0,  or  any  even  multiple  of  +7r. 

7.  Minimum  values  of  +y  and  —y  occur  on  each  ordinate 
where  x  is  an  odd  multiple  of  +7r,  but  for  those  stream-lines 
only  for  which  Z»>1.  The  stream-lines  for  which  h<-\  do  not 
intersect  those  ordinates. 

8.  The  stream-line  for  which  7;  =  1  consists  of  an  endless 
series  of  equal  and  similar  curves,  each  adjacent  ])air  of  which 
cut  each  other  at  right  angles  and  the  axis  of  a?  at  angles  of  45°, 
in  the  points  where  x  is  an  odd  multiple  of  +7r. 

9.  Each  stream-line  for  which  h<\  consists  of  an  endless 
series  of  equal  and  similar  detached  curves,  having  maximum 
and  minimum  values  of  x  given  by  the  equation 

-i  +  i 
cos  X  =:  —  e 

10.  Each  stream-line  for  which  h^\  is  made  up  as  follows  : — 
at  the  positive  side  of  the  axis  of  .r,  a  continuous  curve,  present- 
ing an  endless  series  of  equal  and  tsimilar  waves;  at  the  negative 
side,  an  endless  series  of  equal  and  similar  detached  curves. 

11.  The  wave-line  curves  thus  formed,  as  they  become  more 
remote  from  the  axis  oi  x  (that  is,  as  h  increases),  approximate 
more  and  more  nearly  to  the  trochoidal  form,  whicli  is  known  to 
be  that  of  free  waves  in  deep  water ;  and  so  rapid  is  that  approxi- 
mation, that  though  for  Z>=1  the  difference  between  the  two 
kinds  of  wave- line  is  very  great,  it  becomes  almost  imdistin- 
guishable  for  h-=\\. 

12.  Quantities  proportional  to  the  component  velocities  of  a 
])article  and  to  the  square  of  its  resultant  velocity,  are  derived 
from  the  stream-line  function  as  follows : 


w=  j~  =1  +  e~^cos  A^=l  ■\-y—b, 

db 
v=  —  -y-  =  —  e~^  sm  X ; 
dy 

u^  +  v^=l  +2e-!' cos X -i-  e-^^ 
=  l+2{y-b)  +  e-K 


}■ 


(II.) 
(III.) 
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At  the  point  where  the  curves  h  =  l  cross  the  axis  of  .r,  both 
the  component  velocities  arc  null.  The  unit  of  velocity  in  each 
of  those  expressions  is  the  velocity  of  a  particle  at  an  infinite 
distance  in  the  positive  direction  from  the  axis  of  x,  for  which 
particle  we  have  m  =  1,  w  =  0. 

13.  Suppose  the  plane  of  x  and  y  to  be  vertical,  and  y  to  be 
positive  downwards ;  let  the  absolute  value  of  the  unit  of  mea- 
sure (that  is,  the  radius  of  the  circle  whose  circumference  is  a 
wave-length)  be  denoted  by  It;  and  let  the  heaviness  (or  weight 
of  a  unit  of  volume)  of  the  liquid  be  W.  Then  the  stream- 
lines for  which  b  is  not  less  than  1  may  represent  the  profiles  of 
a  series  of  forced  waves,  capable  of  travelling  with  the  absolute 
velocity 

c=^'^, (IV.) 

being  the  same  with  that  of  free  waves  of  the  same  length ;  and 
the  absolute  values  of  the  velocities  of  any  particle  relatively  to 
still  water  will  be 


horizontal  component,  c(«  — l)  =  ce~y cosa?; 
vertical  comi)onent,  cv=:- — ce~y%\\\x; 
resultant  velocity,  c  v^ -[  (w— l)^-f  i;-|-  ■=.ce''-' , 


(V. 


14.  Those  forced  waves  differ  from  free  waves  in  the  following 
respects.  First,  in  free  or  trochoidal  waves,  each  wave- surface 
is  a  surface  of  constant  pressure,  so  that  the  u|)]ier  surface  of  the 
liquid  needs  no  pressure  to  be  ap{)lied  to  it  to  compel  the  waves 
to  travel;  whereas  in  the  waves  now  in  question  the  j)ressure  at 
each  wave-surface  is  not  constant,  being  expressed  by  the  fol- 
lowing formula, 

^;=  constant  +WZ( ,       .     .     .     (VI.) 

of  which  the  last  term  is  variable ;  and  the  upper  surface  requires 
a  pressure  varying  according  to  this  law  to  be  applied  to  it,  in 
order  to  compel  the  waves  to  travel. 

Secondly,  free  or  trochoidal  waves  begin  to  break  as  they 
reach  the  cycloidal  form,  in  which  the  surface  near  the  crest  is 
vertical,  and  the  crest  forms  a  cusp ;  whereas  in  the  waves  now 
in  question  the  steepest  possible  form,  which  cannot  be  passed 
without  breaking,  is  that  of  the  stream-line  6=1,  whose  crest  is 
formed  by  two  surfaces  meeting  each  other  at  right  angles,  and 
sloping  in  opposite  directions  at  45°.  Thirdly,  the  particles  of 
water  in  free  waves  revolve  in  circles,  and  do  not  permanently 
advance ;  whereas  the  orbit  of  each  ])article  in  the  waves  now  in 
question  is  an  endless  coiled  or  looped  curve,  in  which  each  revo- 
lution is  accompanied  by  an  advance.     The  figure  of  that  orbit 
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is  determined  by  the  ratio  which  its  radius  of  curvature  bears  to 
the  unit  of  measure  R,  viz.. 

u  -l+y-b'      •    •    ^'''-' 

The  waves  whose  motion  is  investigated  by  Professor  Stokes 
in  the  Cambridge  Transactions  are  of  a  character  intermediate 
between  ti'ochoidal  waves  and  those  here  considered. 

15.  As  waves  are  frequently  observed  whose  figures  present  a 
general  likeness  to  that  now  described,  it  is  probable  that  a  pres- 
sure approximating  to  the  law  expressed  by  equation  (VI.)  may 
be  exerted  upon  them  by  the  wind. 

16.  It  is  evident  that  a  pressure  varying  according  to  that  law, 
or  nearly  so,  will  be  exerted  by  the  liottom  of  a  ship  upon  the 
water,  when  the  figures  of  the  buttock-lines,  or  vertical  longitu- 
dinal sections  of  her  after-body,  are  exponential  stream-lines,  or 
trochoidal  waves  approximating  to  them,  as  in  ]Mr.  Scott  Russell^s 
system  of  shipbuilding. 

Part  II. — On  Lissoneo'ids  in  three  Dimensions. 

17.  The  second  part  of  the  investigation  relates  to  the  mathe- 
matical properties  of  stream-lines  of  smoothest  gliding  in  three 
dimensions.  The  properties  of  such  lines  in  two  dimensions 
were  investigated,  and  the  name  "  Lissoneoids "  proposed  for 
them,  in  the  previous  paper  already  referred  to.  Their  essential 
mechanical  properties  are,  to  have  fewer  and  less  abrupt  maxima 
and  minima  of  the  speed  of  gliding  of  the  particles  on  them  than 
on  other  stream-lines  belonging  to  the  same  mathematical  class, 
and  to  be  the  fullest  lines  of  their  class  consistently  with  not 
raising  more  waves  than  are  unavoidable,  when  they  are  employed 
as  the  lines  of  a  ship. 

18.  The  mathematical  condition  which  such  a  stream-line  ful- 
fils is,  that  at  the  midship-section  or  broadest  part  of  the  solid 
to  which  the  line  belongs,  two  points  of  maximum  and  one  of 
minimum  speed  of  gliding  coalesce  into  one  point. 

19.  The  investigation  shows  that  the  before-mentioned  con- 
dition is  expressed  mathematically  as  follows,  for  any  stream-line 
which  at  its  greatest  breadth  is  parallel  to  the  axis  of  x.  Let  u 
be  the  longitudinal  component,  and  v  and  w  the  transverse  com- 
ponents of  the  speed  of  gliding  of  a  particle  along  the  stream- 
line ;  then  at  the  point  where  that  line  crosses  the  midship  sec- 
tion, supposing  that  we  have  v  =  0,  w  =  0,  the  following  equation 
must  be  fulfilled : 

d^u      ^  du~       ^  du^      ^  /-rrTTi  V 
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The  corresponding  equation  in  two  dimensions  is  formed  by 
omitting  the  term  in  j- 

Part  III. — On  some  Stream-Lines  of  Revolution. 

20.  The  third  part  of  the  investigation  relates  to  the  stream- 
lines in  which  particles  flow  past  certain  totally  immersed  oval 
solids  of  revolution,  bearing  the  same  relation  to  a  sphere  that 
the  oval  neoids  described  in  the  previous  paper  bear  to  a  circle. 
These  lie  upon  a  series  of  surfaces  of  revolution,  and  are  the 
sections  of  those  surfaces  by  planes  passing  through  the  axis. 

21.  Let  the  axis  of  figure  be  that  of  x,  and  let  there  be  two 
points  in  it,  called /oa,  situated  at  the  distances  +a  and  —a 
from  the  origin.  The  distance  a  may  be  called  the  eccentricity. 
Let  the  perpendicular  distance  of  any  particle  from  the  axis  be 
denoted  by  y ;  let  /  be  a  constant  length,  called  the  parameter  ', 
and  let  b  be  the  radius  of  a  cylinder  which  is  an  asymptote  to  a 
given  stream-line  surface.  Then  the  equation  of  that  surface  is 
as  follows : 

V{{w  +  afTf\  ~  V{{x-af  +  tf\y  ^^^'^ 

Or,  in  another  form,  let  6  and  6'  be  the  angles  which  two  lines 
drawn  from  the  given  particle  to  the  foci  ( +  a)  and  (— «)  respect- 
ively make  with  the  axis  of  -^-x;  then 

b'^  =  y^-f\cose'-cos0) (X.) 

22.  For  the  primitive  oval  solid,  b  =  0;  and  by  giving  6^  a 
series  of  values  increasing  in  arithmetical  progression,  a  series  of 
stream-line  surfaces  are  formed,  of  gradually  increasing  width, 
which  divide  the  liquid  mass  into  a  series  of  concentric  tubular 
streams  of  equal  discharge. 

23.  The  graphic  construction  of  the  stream-lines  is  as  follows. 
From  each  of  the  foci  draw  a  set  of  diverging  straight  lines, 
making  angles  with  the  axis  whose  cosines  are  in  arithmetical 
progression,  the  common  difference  being  a  sufficiently  small 
fraction.  Through  the  network  formed  by  these  lines  trace  dia- 
gonally a  series  of  curves  traversiug  the  two  foci.  (The  equa- 
tion of  each  of  those  curves  is  cos6'—cos6  =  77i,  and  they  are 
identical  with  the  lines  of  force  of  a  magnet  having  its  poles  at 
the  foci.)  Multiply  the  parameter  (/)  by  the  square  roots  of 
the  terms  of  the  arithmetical  progression,  and  draw  a  series  of 
straight  lines  parallel  to  the  axis  and  at  the  distances  from  it  so 
found;  these  will  be  the  asymptotes  expressed  by  the  equation 
b=fVm.  Then  through  the  network  formed  by  those  parallel 
straight  hues  and  the  before-mentioned  sex-ies  of  curves  trace 
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diagonally  a  new  scries  of  curves^  which  will  be  the  stream-lines 
required. 

24.  The  stream-lines  thus  drawn  closely  resemble  those  in  two 
dimensions,  but  are  somewhat  fuller.  For  those  at  a  distance 
from  the  axis,  the  difference  of  form  is  scarcely  perceptible;  for 
those  near  the  axis,  and  especially  for  the  primitive  oval,  the 
greater  fulness  of  form  is  conspicuous. 

25.  The  ratios  of  the  component  velocities  of  a  particle  on  a 
stream-line  surface  of  revolution  to  the  velocity  of  a  ])articlc  at 
an  infinite  distance  from  the  disturbing  solid  are  given  by  the 
expressions 

_  ^^^^        ._      ^^^  /VT  ^ 

~  ydy'    ^~     ydx 

26.  By  applying  to  those  stream-lines  of  revolution  the  ])rin- 
ciples  of  the  second  part  of  the  investigation,  it  is  found  that  the 
radius  (/;)  of  the  asymptotic  cylinder  of  a  lissoneo'id  surface  of 
revolution  bears  the  following  relation  to  the  greatest  radius  (^q) 
of  the  surface  itself,  and  to  the  exeentricity  [a)  of  the  set  of  sur- 
faces to  which  it  belongs  : 

i^  =  y,^-2(.^-fyo^).|^J^'.       .      .      (XII.) 

In  order  that  this  equation  may  be  real,  '-    must  not  be  less 

/2  /4V  ^ 

than  \/  -,  nor  greater  than  (.j)  •      The  corresponding  para- 
meter is  found  by  the  general  formula 

p^  O/q--^'^)  ^^a^  +  l/o^ (XIII.) 

2a 


In  the  oval  lissoneo'id  of  revolution,  //^=0,  -,,  =  -^  =  1*1 547: 


fl=  ^Vs^^o-i 

a^  3 

September  1864. 


XXXIV.   On  the  History  of  Thermo-dynamics. 
By  P.  G.  Tait,  M.A.,  ^c. 

To  the  Editors  of  the  Philosophical  Marjazine  and  Journal. 
Gentlemen, 
"WISH  to  make  a  few  additional  remarks  on  this  subject : 
especially  as  it  appears  to  me,  after  a  careful  perusal  of  all 
that  Dr.  Tyndall  has  written  upon  it,  that  he  does  not  yet  quite 
understand  the  points  which  Prof.  Thomson  and  I  wished  to  esta- 
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blisli  wh(^n,  in  consequence  of  his  lecture  on  "  Force/^  \vc  wrote 
our  article  in  '  Good  Words '  nearly  two  years  ago. 

We  have  all  along  held  that  the  questions  as  to  the  nature  of 
heat,  and  its  equivalence  to  mechanical  energy,  were  settled  by 
Davy;  and  that  Runiford  experimentally  obtained  a  very  fair 
approximation  to  tlic  equivalent.  Also  that,  as  Newton  had 
completely  enunciated  the  Conservation  of  Energy  in  ordinary 
mechanics,  Davy's  experiments  brought  heat  under  the  same  law, 
and  that,  therefore,  in  the  beginning  of  the  present  century  the 
Dynamical  Theory  of  Heat  was  completely  established,  although 
not  developed.  The  development  has  been  since  furnished  by  the 
experiments  and  reasonings  of  Joule  on  Electric  Thermo-dyna- 
mics*, his  experimental  determinations  of  the  mechanical  equi- 
valent, his  experiments  and  reasoning  on  the  thermal  effects  of 
the  condensation  and  rarefaction  of  airf ;  and  by  the  theoretical 
writings  of  Ilebnholtz,  Clausius,  llankinc,  and  Thomson. 

Hence,  so  far  as  regards  the  question  of  heat  alone,  Mayer 
has  no  title  to  the  position  Dr.  Tyndall  claims  for  him.  He 
did  no  more  than  repeat  what  Davy  and  ilumford  had  done 
better ;  and  he  has  never,  so  far  as  even  Dr.  Tyndall's  partisan- 
ship can  shovi'j  attempted  anything  of  the  nature  of  cither  the 
theoretical  or  experimental  developmc^nts  which  have  advanced 
thermo-dynamic  science  during  the  present  century.  What,  in 
point  of  fact,  did  Mayer  do  in  thermo-dynamics?  In  1842  he 
published  a  paper,  of  which  Prof.  Thomson  and  I  remarked  as 
follows.  "In  this  paper  the  results  obtained  by  preceding- 
naturalists  are  stated  with  precision — among  them  the  funda- 
mental one  of  Davy — new  experinients  are  suggested,  and  a 
method  for  finding  the  dynamical  equivalent  of  heat   is   pro- 

*  Of  these  the  following  are  jierhaps  the  most  important : — 

"  On  the  Prodnctiou  of  Heat  by  Voltaic  Electricity  "  (Proc.  Rov.  Soc. 
Dec.  17,  18-10).  Printed  in  Phil.  Ma.^c-  1841,  with  the  title  "On  the  Heat 
evolved  by  I\Ietallie  Conductors  of  Electricity,  and  in  the  Cells  of  a  Bat- 
tery during  Electrolysis." 

"  On  the  Electric  Origin  of  the  Heat  of  Combustion  "  (Phil.  Mag.  1811). 
Extension  of  tlie  same  (Report  of  British  xVssociation,  1842). 

"  On  the  Heat  eyolved  during  the  Electrolj^sis  of  Water  "  (Lit.  and 
Phil.  Soc.  of  Manchester,  Jan.  1843). 

"  On  the  Calorific  Effects  of  Magneto-Electricitv,  and  the  Mechanical 
Value  of  Heat"  (Phil.  Mag.  1843). 

"  On  the  Heat  disengaged  in  Chemical  Combinations,"  sent  to  the 
French  Academy  in  184()  (Phil.  Mag.  1852). 

"  On  the  Mechanical  jiowers  of  Electro-magnetism,  Steam,  and  Horses," 
by  Scores!)y  and  Joule  (Phil.  Mag.  1846). 

"  On  the  Economical  Production  of  Mechanical  Effect  from  Chemical 
Forces"  (Manchester  Memoirs,  1852,  and  Phil.  Mag.  1853). 

t  "  On  the  Changes  of  Temperature  produced  by  Rarefaction  and  Con- 
densation of  Air,"  sent  to  the  Royal  Society,  June  1844  (printed  in  Phil. 
Mag.  1845). 
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pounded/'  To  this  we  added,  in  a  note,  as  follows.  "  Mayer's 
method  is  founded  on  the  supposition  that  diminution  of  the 
volume  of  a  body  implies  an  evolution  or  generation  of  heat ; 
and  it  involves  essentially  a  false  analogy  between  the  natural 
fall  of  a  body  to  the  earth,  and  the  condensation  produced  in  an 
elastic  fluid  by  the  application  of  external  force.  The  hypothesis 
on  which  he  thus  grounds  a  definite  numerical  estimate  of  the 
relation  between  the  agencies  here  involved,  is  that  the  heat 
evolved  when  an  elastic  fluid  is  compressed  and  kept  cool,  is 
simply  the  dynamical  equivalent  of  the  work  employed  in  com- 
pressing it.  The  experimental  investigations  of  subsequent 
naturalists  have  shown  that  this  hypothesis  is  altogether  false, 
for  the  generality  of  fluids,  especially  liquids,  and  is  at  best  only 
approximately  true  for  air;  whereas  Mayer's  statements  imply 
its  indiscriminate  ap])lication  to  all  bodies  in  nature,  whether 
gaseous,  liquid,  or  solid,  and  show  no  reason  for  choosing  air  for 
the  application  of  the  supposed  principle  to  calculation,  but  that 
at  the  time  he  wrote  air  was  the  only  body  for  which  the  requi- 
site numerical  data  were  known  with,  any  approximation  to  accu- 
racy." To  every  word  of  this,  with  the  exception  of  the  word 
"  imply,''  which  is  not  strong  enough,  I  still  adhere.  Dr.  Tyn- 
dall's  mode  of  dealing  with  it  is  characteristic.  He  says — 
"  not  what  INIayer's  words  '  imply,'  but  what  they  are " — and 
then  quotes,  not  from  the  paper  of  1843,  to  which  alone  we 
referred  (as  the  only  one  which  could  have  a  chance  of  priority 
over  either  Joule  or  Colding),  but  from  a  pamphlet  published 
in  1845. 

As  to  the  question  which  might  have  arisen  between  Seguin 
and  Mayer,  supposing  nothing  to  have  been  done  in  the  matter 
by  Davy  and  Rumford ;  everything  that  was  done  by  Mayer  in 
1843  (1  still  confine  myself  to  the  question  of  Heat  alone)  was 
done  by  Seguin  in  1839.  Dr.  Tyndall  is  correct  in  his  remark 
that  Seguin  did  not,  as  was  originally  supposed  by  Joule,  give 
363  kilogrammetres  as  the  dynamical  equivalent.  But  to  say, 
as  Dr.  Tyndall  does,  that  "  there  is  no  determination  ivhatever  of 
the  mechanical  equivalent  of  heat  in  the  above  \i.  e.  Seguin's]  Table," 
is  simply  an  error,  for  Seguin  gives  all  the  requisite  data,  though 
the  thermal  unit  he  emploj'^s  is  by  no  means  convenient.  Nothing 
can  indeed  be  more  distinct  than  his  evaluation.  An  hypothesis 
explicitly  stated  by  him  as  to  the  heat  of  condensation  of  vapour, 
now  known  to  be  wrong  and  to  give  much  less  than  the  true  ther- 
mal eff"ect,  rendered  the  numbers  in  his  Table  largely  in  error. 
In  Seguin's  work  we  find  the  following  passages : — 
"  Ceci  reviendrait  a  dire  que  la  vapeur  n'est  que  I'intermediaire 
du  calorique  pour  produire  la  force,  et  qu'il  doit  exister  entre  le 
mouvement  et  le  calorique  un  rapport  direct,  independant  de 
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I'intermediaire  de  la  vapeur  ou  de  tout  autre  agent  que  Von  pour- 
rait  y  substituer." 

Compare  this  with  Dr.  TyndalFs  quotation  (Phil.  Mag.  Sept. 
1862).  "  The  law/'  says  Mayer,  "  '  Heat  =  Mechanical  Effect ' 
is  independent  of  the  nature  of  an  elastic  fluid,  which  only  serves 
as  the  apparatus,  by  means  of  which  the  one  force  is  converted 
into  the  other." 

Again,  Seguin  says,  "  La  force  mecanique  qui  apparait  pendant 
I'abaissement  de  temperature  d'un  gaz  comme  de  tout  autre  corps 
qui  se  dilate,  est  la  mesure  et  la  representation  de  cette  diminu- 
tion de  chaleur;"  and  further,  in  speaking  of  steam  escaping 
into  the  air,  *'  L'effort  qu'elle  exerce  en  recul  centre  les  appareils 
qui  la  laissent  echapper,  ou  la  vitesse  qu'elle  communique  a  Fair 
ambiant,  forme  un  equivalent  de  la  perte  de  chaleur  qu'elle 
eprouve."  Yet,  according  to  Dr.  Tyndall,  it  was  Mayer  "who 
first  used  the  term  '  equivalent '  in  the  precise  sense  in  which 
you"  (Joule,  to  whom  the  letter  is  addressed)  "have  ap- 
phed  it." 

But  there  is  more  than  this  in  Seguin's  very  able  work.  He 
points  out  distinctly  that  steam  which  has  done  work  in  an 
ensjine  ou2;ht  not  to  heat  the  water  in  the  condenser  so  much  as 
if  it  had  been  led  directly  into  it.  He  had  made,  he  says,  nu- 
merous experiments  to  test  this,  without  however  obtaining 
sufficiently  decisive  results.  Again,  he  points  out  how  very 
small  a  proportion  of  the  heat  of  the  steam  is  really  employed 
in  doing  work.  He  says  that  the  work  obtained  from  a  steam- 
engine,  as  ordinarily  used,  is  represented  by  "  un  abaissement 
de  temperature  d'environ  20°,  qui  equivaut  au  trentihne  environ 
du  calorique  employe  pour  reduire  en  vapeur  I'eau  necessaire  a  sa 
formation."  That  is,  only  g^gth  of  the  heat  used,  disappears  as 
heat,  and  is  given  out  as  work.  Thus  we  see  that  his  20°  repre- 
sent g'^i^fth  of  the  latent  heat  of  steam,  at  100°  C.  and  at  the 
atmospheric  pressure :  and  his  Table  gives  for  the  corresponding 
work  done  by  a  cubic  metre  of  steam  (in  round  numbers)  about 
7000  kilogrammetres.  Taking  540  as  the  latent  heat,  and  0*6 
kilogramme  as  the  weight  of  a  cubic  metre,  of  steam,  we  have 

for  the  mechanical  equivalent  yr^ — ^  .^  =650,  about  50  per 
^  0-6x540  ^ 

cent,  too  great. 

As  to  the  Conservation  of  Energy.  Dr.  Tyndall,  in  a  note  to 
his  last  paper,  ascribes  the  term,  or  terms,  to  Rankine.  I  cannot 
ascertain  precisely  when  the  term  "  Conservation "  was  intro- 
duced, but  it  must  have  been  suggested  at  once  to  an  English 
writer  by  the  old  term  "  Conservation  of  Vis  Viva,"  of  which  the 
Conservation  of  Energy  is  only  an  extension.  At  all  events  Helm- 
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holtz's  "Erhaltnng'^  is  an  identical  word,  and  was  employed 
before  Rankine  wrote  on  the  subject.  But  the  terra  Energy  (as 
Dr.  Tyndall  surely  is  aware)  is  due  to  Young,  who  introduced  it 
as  a  convenient  English  term  synonymous  with  vis  viva.  Its  exten- 
sion to  the  two  forms  "static'^  and  " dynamic ^^  was  made  by 
Thomson.  Eanlcineimproved  these  to  "potential"  and  "actual;'' 
and  in  'Good  AVords'  Thomson  and  I  have  employed  "kinetic" 
as  less  ambiguous  and  more  suggestive  than  "  actual," 

As  to  the  discovery  of  the  Conservation  of  Energy,  I  hold  that 
to  lay  down,  without  experimental  l)ases,  such  a  maxim  as  "  causa 
ccquat  effectum  "  is  entirely  subversive  of  common  sense  and  logic 
in  an  experimental  science  such  as  natural  philosophy.  The  esta- 
blishment of  the  Conservation  of  Energy  was  utterly  out  of  the 
sphere  of  the  "Thinker;"  and  it  would  be  absurd  to  give  him 
more  credit  than  is  due  to  the  pronnilgator  of  a  clever  specula- 
tion. Thousands  of  equally  clever,  but  less  lucky,  though  not 
more  baseless,  speculations  are  e\'ery  day  mercilessly  extermi- 
nated by  experiment. 

Celestial  Dynamics  forms  no  part  of  the  Thermo-dynamic 
theory,  though  it  affords  cxccedinglybeautiful  applications  of  it. 
The  same  must  be  said  of  Animal  and  Vegetable  I'liysiology. 
Such  applications,  as  is  well  ilhistrated  by  the  famous  little  sen- 
tence of  Joule's  postscript  of  18  13,  always  attend  careful  work 
at  a  theory;  they  arenf)t  discoveries,  but  inevitable  consequences, 
to  the  experimental  or  mathematical  investigator.  The  word  or 
two,  required  to  complete  the  suggestions  of  Stephenson  and 
llcrschel],  occuired  to  many  minds,  merely  to  be  recorded  in 
])assing — as  by  Ilelmholtz  in  a  popular  lecture,  and  by  Thomson 
in  the  proceedings  of  a  society. 

I  have  written  again  to  the  Philosophical  Magazine  because  I 
imagine  that  Dr.  Tyndall  still  misunderstands  the  views  which 
Prof.  Thomson  and  I  maintain  on  the  history  of  the  subject ; 
and  that  it  is  this  which  has  led  him  to  charge  us  with  misrepre- 
sentations. His  special  charges  against  Prof.  Thomson,  which 
receive  fresh  development  in  every  successive  article,  are  so  ob- 
viously unfounded  that  he  can  hardly  be  surprised  that  Prof. 
Thomson  has  not  judged  it  necessary  even  to  notice  them. 

I  am,  Gentlemen, 

&c.     &c., 

P.  Guthrie  Tait. 

6  Grcenhill  Gardens.  Edinburgh, 
September  \2,  1864. 
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XXXV.  On  the  Erosion  of  Valleys  and  Lakes;  a  Rephj  to  Sii' 
Roderick  Murciiison's  Anniversan/  Address  to  the  Geogra- 
phicul  Societi/.     By  A.  C.  Uamsay,  F.R.S.'-^- 

AFTER  the  publication  of  my  memoir  ''On  the  Glacial 
Ori!i;in  of  certain  Lakes  in  the  Icc-woru  regions  of  Europe 
and  North  America/'  several  eminent  British  and  Continental 
geologists^  and  some  other  persons  who  have  only  a  general 
literary  acquaintance  with  ])hysical  geology,  did  me  tlie  honour, 
in  special  memoirs,  or  in  letters  in  newspapers,  to  express  opi- 
nions that  my  views  were  deserving  of  the  strongest  opposition. 
To  none  of  tliese  opponents  have  I  heretofore  made  any  reply, 
and  some  of  them,  I  found,  were  dealt  with  by  men  who  met 
their  arguments  more  ably  perliaps  than  I  could  have  done 
myself.  Besides,  I  considered  that  if  my  theory,  as  I  believe, 
be  true,  it  would  l)e  sure  in  the  long  run  to  make  its  way  just 
in  the  slow  and  steady  manner  it  seems  to  me  to  be  now  doing. 
Wc  all  profess  to  appeal  to  nature,  and  ''in  nature  there  is  no 
opinion;  there  is  truth  in  everything  that  is  in  nature;  and  in 
man  alone  is  error."  To  those  who  are  not  geologists  in  any 
practical  sense  it  would  never  occur  to  me  to  reply.  Physical 
geology,  in  the  true  meaning  of  the  term,  does  not  exist  without 
a  thorough  practical  acquaintance  witli,  and  experience  of,  rocks 
of  all  kinds  on  a  large  scale.  The  man  who  merely  wanders 
about  a  country  and  looks  curiously  at  rocks,  without  a  long 
course  of  severe  training,  has  no  more  scientific  right  to  form  a 
definite  0])inion  as  to  tlie  causes  that  brought  about  the  external 
configuration  of  the  land  than  the  father  of  a  family  v^-ould  have 
to  decide  questions  in  comparative  anatomy,  because  for  half 
his  life  he  had  daily  carved  beef,  mutton,  pork,  fowls,  and  fish. 

Of  late,  however,  an  exceedingly  authoritative  protest  against 
my  theory  has  been  entered  by  Sir  Roderick  Murchison,  in  his 
Anniversary  Address  to  the  Geographical  Societjr, — an  address 
issued  indeed  to  the  geologists  of  Europe ;  for  the  portion  that 
bears  upon  icy  phenomena  has  been  printed  separately  for  special 
distribution.  It  would  almost  be  uncourteous  on  my  part  silently 
to  pass  over  the  remarks  of  one  who  in  his  own  person  has 
attained  the  highest  honours  in  the  Geological  and  the  Geogra- 
phical Societies,  and  who  is  besides  my  oldest  living  geological 
friend.  "  As  a  geologist,  with  wide  experience,  the  President  of 
the  geographers  clearly  states  his  conviction  "f  '^^^^^  u^y  theoi'y 
of  the  origin  of  certain  lakes  and  other  theories  of  denudation 
connected  therewith,  are  so  opposed  to  obvious  facts,  that,  if 
his  conviction  be  well  founded,   the  wonder  seems  to  me  that 

*  Communicated  by  the  Author. 

t  Geological  Magazine,  No.  3,  p.  12/.'' 
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any  man  of  weight  and  knowledge  could  be  found  to  follow  me 
at  all.  I  may  therefore  be  pardoned  if  in  this  instance  1  depart 
from  the  course  of  leaving  the  value  of  my  theory  to  be  worked 
out  solely  by  time. 

I  have  said  that  Sir  Roderick  has  entered  an  authoritative 
protest,  because,  as  several  persons  have  remarked  to  me,  so  much 
stress  has  been  laid  on  the  argumentum  ad  hominem,  liberally  as 
regards  Continental  geologists,  and  more  sparingly  with  Ame- 
rican and  English  names.  Indeed,  in  reading  the  Address,  I 
was  more  than  once  reminded  of  the  observation  of  one  of  my 
opponents,  who  in  the  '  Reader '  observed  to  this  effect,  "  that 
Professor  Dcsor  entirely  disagrees  with  Professor  Ramsay — how 
can  he  do  otherwise  ?  for  Uesor  has  lived  among  glaciers  all  his 
life.^^  In  like  manner  Studer  and  Escher  von  der  Linth,  "  by 
numerous  appeals  to  nature,"  Gastaldi,  De  Mortillet,  and  many 
more  arc  all  arrayed  in  opposition  to  the  theory,  the  presumption 
being  that  the  chances  are  therefore  infinitely  against  it,  and  I 
must  needs  be  wrong  because  they  are  so  eminent,  and  some  of 
them  have  lived  so  long  among  the .  Alps.  For,  differing  from 
them,  how  is  it  likely  that  a  man  can  be  right  who  has  only  ex- 
plored the  Alps  five  or  six  times  with  a  special  obj(  c  t,  even  though 
he  may  have  spent'five-and-twenty  years  on  subjects  allied  to  or 
identical  with  it  ?  Such  is  the  general  impression  produced,  not 
on  myself  alone,  by  many  of  Sir  Roderick's  remarks.  I  have  no 
objection  to  this  kind  of  argument ;  it  is  so  old  in  the  history 
of  science  that  its  value  is  understood.  To  compare  great  things 
with  our  small  matter,  Copernicus  and  Galileo  experienced  it, 
Hutton  and  Playfair  knew  it  well ;  the  most  eminent  geologists 
were  for  long  deaf  to  the  voice  of  William  Smith,  let  him  charm 
ever  so  wisely;  and  Agassiz  himself,  in  glacial  geology,  had 
among  his  chief  opponents  distinguished  seniors,  some  of  whom 
even  now  only  hesitatingly  follow  him.  It  is  easy  to  "  appeal  to 
nature,"  but  the  language  of  her  reply  is  not  always  to  be 
understood  merely  by  long  poring  on  her  face ;  and  it  generally 
happens  tliat  many  an  abortive  effort  is  made  before  some  happy 
accident  reveals  the  key. 

In  my  original  memoir,  when  discussing  the  origin  of  the  lake- 
basins,  I  found  it  necessary  in  some  degree  to  treat  of  disturb- 
ances of  rocks  in  general.  Accordingly,  Sir  Roderick  very  pro- 
perly regards  the  question  as  one  not  merely  of  lakes,  but  as 
involving  his  belief  "with  the  vast  majority  of  practical  geologists, 
that  the  irregularities  of  the  surface  of  the  Alps  havebeen  primarily 
caused  by  dislocations  and  denudations;"  and  again,  that  "until 
lately  geologists  seemed  so  be  generally  agreed  that  most  of  the 
numerous  deep  openings  and  depressions  which  exist  in  all  lofty 
mountains  wer^ primarily  due  to  cracks  which  took  place  during 
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the  various  movements  which  each  chain  has  undergone  at  various 
periods,"  &c.  The  meaning  of  this,  I  conceive  to  be,  that  moun- 
tain valleys  lie  in  lines  of  curvature,  dislocation,  and  fracture, 
and  that  the  mountains  on  each  side  of  them  are  mountains,  far 
less  because  of  denudation  than  by  reason  of  operations  of  frac- 
ture and  dislocation.  Therefore  important  lakes  that  fill  true 
rock-basins  lie  only  in  lines  of  fracture,  or  else,  as  in  the  myriad 
lakes  of  North  America,  in  hollows  of  wider  dislocation  somewhat 
aided  by  subsequent  denudations. 

Every  reasoning  mind  respects  authority  when  it  bears  on 
questions  that  have  been  reduced  to  demonstration ;  but  this  is 
precisely  what  has  not  been  done  with  respect  to  the  origin  of 
special  Alpine  lakes  and  valleys  by  those  whose  main  argument 
is  disturbance  of  strata.  Assertions  and  crude  ideas  in  all  kinds 
of  books  and  papers  are  "  as  plenty  as  blackberries ;  "  but  for 
clear  demonstrations— none  are  given.  Nor  does  Sir  Roderick 
either  attempt  or  point  to  any  when  he  says  that  in  the  Alps  he 
"  long  ago  came  to  the  conclusion  that  the  chief  cavities,  vertical 
precipices,  and  subtending  deep,  narrow  gorges,  have  been  ori- 
ginally determined  by  movements  and  openings  of  the  crust, 
whether  arranged  in  anticlinal  or  synclinal  lines,  or  not  less  fre- 
quently modified  by  great  transversal  or  lateral  breaks,  at  right 
angles  to  the  longitudinal  or  main  folds  of  elevation  or  depres- 
sion.^'  Now  in  my  paper  I  gave  six  stratigraphical  reasons  to 
show  why  the  lakes  do  not  lie  in  hollows  of  disturbance,  and 
then  pointed  to  ice  as  the  only  remaining  agent  by  which  they 
could  be  formed,  thus  attempting  to  reduce  the  matter  as  nearly 
as  I  could  to  a  demonstration  ;  and  what  I  want  is  an  attempt 
at  demonstration  in  return.  But  where  is  the  proof  beyond  the 
general  assertion  and  impression  that  craggy-sided  mountains 
and  valleys  prove  dislocations  which  gape,  if  they  were  mere 
close  or  nearly  close  fractures  and  denudation  did  the  rest,  the 
argument  is  equally  in  favour  of  my  view ;  for  valleys  which  have 
been  scooped  out  by  denudation  often  necessarily  coincide  with 
lines  of  fracture,  a  proposition  obvious  to  every  geologist.  But 
I  want  the  proof  that  the  Alpine  valleys  are  dislocations.  Let 
any  one  go  into  them  and  prove  it  in  numerous  cases,  with  his 
geological  map  in  his  hand,  by  the  arrangement  of  the  rocks  on 
either  side,  and  by  the  fracture  or  fault  visible,  or  otherwise  cer- 
tainly demonstrable  in  the  bottom.  Where  are  these  valley  faults, 
whose  name  ought  to  be  legion,  marked  in  the  best  geological 
maps  of  Switzerland  ?  If  they  exist,  they  remain  yet  to  be  indi- 
cated in  definite  lines ;  for  indeed  none  know  better  than  the 
many  eminent  geologists  of  Switzerland  and  the  north  of  Italy, 
for  whom  and  for  whose  work  I  have  the  highest  respect,  that 
the  geological  map  of  their  country  is  as  yet  but  an  admirable 
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sketch,  and  in  all  probability  will  remain  so  till  their  governments 
authorize  more  general  and  uniiorm  painstaking  surveys.  When 
this  is  done,  and  when  all  the  faults  and  curvatures  possible  are 
actually  laid  down,  and  when  geological  sections  on  a  true  scale 
have  been  run  across  the  Alps,  it  will  then  be  possible  to  reason 
with  precision  on  the  denudation  of  the  mountains;  and  it 
will  be  found  (what  is  well  known  now)  that  before  the  present 
surface  of  the  valleys  saw  the  light,  vast  piles  of  strata,  as  in 
AV^ales,  have  been  removed  by  denudation,  and  the  valleys  were 
formed  long  after  the  latest  important  disturbances  of  the  strata 
took  j)lace. 

And  now  to  prove  that  1  also  respect  authority,  let  me  quote 
from  books  of  immortal  repute ;  and  surely  those  who  reverence 
authority  most,  will  not  disdain  that  of  Hutton  and  Playfair. 
AVhat  say  the  father  of  physical  geology  and  his  great  disciple  ? 
"  If,"  says  Hutton,  reasoning  on  this  subject,  "  the  valley  was 
made  for  the  rain  by  any  other  natural  cause,  either  we  should 
tell  by  what  means  this  work  had  been  ])erformcd,  or  all  reason- 
ing on  the  subject  is  at  end,  and  fancy  substituted  in  its  place. 
If,  again,  the  river  be  considered  as  the  means  employed  by 
nature  in  making  this  valley,  then  all  the  solid  parts  between 
the  bounding  mountains  must  have  been  removed."  Again, 
reasoning  on  the  weathering  and  erosion  that  originated  the  py- 
ramids on  and  around  J\Iont  Blanc,  he  observes,  "  It  is  true, 
indeed,  that  geologists  have  everywhere  imagined  to  themselves 
great  events,  or  powerful  causes,  by  which  these  changes  in  the 
earth  should  be  brought  about  in  a  short  space  of  time  ;  but  they 
are  under  a  double  deception ;  first,  with  regard  to  time,  which 
is  unlimited*,  whereas  they  want  to  explain  ajjpearances  by  a  cause 
acting  in  a  limited  time;  secondly,  with  regard  to  operation, 
their  supposition  of  a  great  debacle  is  altogether  incompetent  for 
the  end  required."  Again,  arguing  on  the  a])proximately  hori- 
zontal gneissic  strata  of  the  neighbourhood  of  Monte  llosa,  he 
shows  that  the  great  isolated  peaks  have  been  separated  by  "  the 
greatest  degradation,  in  being  wasted  by  the  hand  of  time.  .  .  . 
Here,"  he  says,  "  is  nothing  but  a  truth  that  may  almost  every- 
where be  perceived  "  if  we  had  only  faculties  to  perceive  it. 

Again,  reasoning  on  strata  that  correspond  on  opposite  sides 
of  valleys,  Playfair, in  the  Iluttonian  Illustrations,  says,  "there  is 
no  man,  however  little  addicted  to  geological  speculations,  who 
does  not  immediately  acknowledge  that  the  mountain  v/as  once 
continued  quite  across  the  place  in  which  the  river  now  Hows ; 
and,  if  he  ventures  to  reason  concerning  the  cause  of  so  wonder- 
ful a  change,  he  ascribes  it  [in  the  modern  fashion]  to  some 
great  convulsion  of  nature,  which  has  torn  the  mountain  asunder 
*  In  the  oiiginal,  "  limited.".     This  is  an  evident  misprint. 
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and  opened  a  passage  for  the  waters.  It  is  only  the  philo- 
sopher, who  has  deeply  meditated  on  the  effects  which  action 
long  continued  is  able  to  produce,  and  on  the  simplicity  of  the 
means  which  nature  employs  in  all  her  operations,  who  sees  in 
this  nothing  but  the  gradual  working  of  a  stream,  that  once 
flowed  over  the  top  of  the  ridge  which  it  now  so  deeply  inter- 
sects, and  has  cut  its  course  through  the  rock,  in  the  same  way, 
and  almost  with  the  same  instrument,  by  which  the  lapidary 
divides  a  block  of  marble  or  granite."  And  in  the  Alps  (p.  122) 
he  shows  that  "the  sharp  peajjs  of  the  granite  mountains  .... 
but  mark  so  many  epochs  in  the  progress  of  decay ,'^  while  the 
loftiness  of  the  harder  peaks  is  due  not  to  mere  upheaval  but  to 
the  circumstance  "  that  the  waste  and  detritus  to  which  all 
things  are  subject  will  not  allow  soft  and  weak  substances  to 
remain  long  in  an  exposed  and  elevated  situation."  "  Thus, 
with  Dr.  Hutton  (p.  126),  we  shall  be  disposed  to  consider  those 
great  chains  of  mountains,  which  traverse  the  surface  of  the 
globe,  as  cut  out  of  masses  vastly  greater,  and  more  lofty  than 
anything  that  now  remains."  I  could  multiply  sentences  of 
this  kind  from  the  writings  of  these  great  philosophers ;  but 
enough  has  been  said  to  recall  to  memory  the  fact  that  before 
the  present  race  of  "practical  geologists"  had  written  a  line, 
men  of  rare  knowledge,  keen  sagacity,  and  the  highest  intel- 
lectual powers,  by  appeals  to  nature  already  held  those  views 
which  some  of  their  degenerate  descendants  have  so  readily  repu- 
diated, but  to  which  a  younger  school  show  strong  symptoms  of 
returning.  1  doubt  also  if  some  of  the  Swiss  and  Italian  geolo- 
gists wull  be  quite  content  to  stand  godfathers  to  the  opinion  that 
the  Alpine  valleys  generally  are  apt  to  lie  in  lines  of  mere  curva- 
ture or  fracture,  whether  close  or  gaping ;  but  without  further 
authority  than  that  of  personal  conversation  it  would  be  impro- 
per to  quote  their  names. 

Unless  I  were  to  write  a  special  elementary  treatise  on  denu- 
dation, enough  has  now  been  said  to  show  that  the  theory  of 
formation  of  great  systems  of  valleys  by  erosion  in  which  water 
and  ice  are  main  agents,  is  not  a  mere  absurdity,  and  I  do  not 
therefore  care  minutely  to  analyze  the  assertions  that  many  of 
the  Alpine  rivers  "  flow  in  fissures  or  deep  chasms,  . .  .  which 
water  alone  never  could  have  opened  out;"  or  again,  that  the 
Rhine  and  the  Danube  "  never  could  have  eroded  those  deep 
abrupt  gorges  through  which  they  here  and  there  flow,  and 
which  are  manifestly  due  to  original  ruptures  of  the  rocks."  To 
the  neglected  and  even  half-forgotten  school  of  Hutton  and 
Playfair,  and  to  many  expert  geologists  of  the  present  day  whose 
lives  have  been  spent  in  practically  analyzing  the  rocky  struc- 
tures of  countries,  the  manifest  nature  of  such  "  original  rup- 
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tures  "  is  anything  but  evident ;  and  I  for  one  believe  that  the 
"  ruptures"  are  only  manifest  to  those  who  accept  such  hypotheses 
"  without  inquiring  into  what  has  been  the  former  state  of  things, 
or  what  will  be  the  future  "  *.  To  this  day  there  is  no  error  so 
common,  even  among  geologists,  as  that  which  vaguely  attri- 
butes the  form  and  nature  of  the  present  surface-outlines  of  the 
earth  chiefly  to  the  operation  of  violent  disturbance  in  recent 
geological  times,  not  clearly  perceiving  that  the  great  and  small 
outlines  of  mountain- chains,  of  valleys,  of  river-gorges  and  of 
plains  are  the  combined  results  of  an  immense  number  of  opera- 
tions, many  of  these  going  back  to  exceedingly  remote  periods  of 
geological  antiquity,  and  a  great  proportion  of  their  details  being 
lost  even  to  pi-obable  conjecture. 

These  operations,  however,  in  the  production  of  scenery  mainly 
resolve  themselves  into  the  following  series,  the  parts  of  which, 
ever  since  land  and  water  first  existed,  may  be  arranged  in  any 
possible  combination. 

a.  Oscillation  with  respect  to  the  sea-level  of  rocks  that  have  or 
have  not  been  contorted  and  metamorphosed,  accompanied  by  pauses 
in  oscillation  of  greater  or  less  duration. 

b.  Great  plains  of  marine  denudation. 

c.  Subaerial  denudations  of  all  kinds ;  wearing  away  of  sea- 
coasts  ;  and  in  the  interior  of  the  country,  chemical  decompositions, 
frost,  snow,  ice,  wind,  rain,  and  rivers;  modified  by  height  of  land, 
and  the  various  positions,  hardness,  and  other  characters  of  rocks. 

Contortion  and  metamorphism  seem  to  be  essential  accompa- 
niments of  all  great  mountain-chains.  It  may  also  possibly 
be  proved  that  in  intensely  contorted  regions  mountain-chains 
are  high  or  low  according  to  the  relative  antiquity  of  disturb- 
ance, while  sometimes  the  irregular  protuberances,  as  in  the 
Devonian  and  other  rocks  of  the  Rhine  and  Moselle,  have  been 
planed  away  altogether. 

Plains  of  marine  denudation  are  sure  to  be  inclined  at  a  very 
low  angle  if  formed  during  slow  depression  of  the  land. 

Further,  while  the  sea  helps  to  make  bays,  the  other  agents  of 
waste  enumerated  above  cut  out  all  mountain-peaks  not  volcanic, 
all  the  minor  valleys,  in  this  term  including  such  valleys  as  those 
of  the  Alps,  the  Highlands,  Wales,  &c.,  but  not  such  a  valley  as 
the  great  one  that  lies  between  the  Alps  and  the  Jura. 

Fractures  and  volcanos,  in  the  production  of  the  great  scenic 
features  of  continental  physical  geography,  are,  as  a  rule,  mere 
subordinate  and  subsidiary  accidents,  the  first  modifying  the 
efiiects  of  denudation  by  juxtaposition  of  difierent  kinds  of  rocks, 
and  the  second  (which  seem  to  b'e  connected  with  general  ele- 
vations) forming  accidental  mountains,  hills,  and  hilly  regions, 
*  Hutton,  vol.  ii.  p.  257. 
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which,  as  in  the  Andes,  may  form  non-essential  parts  of  moun- 
tain-chains. 

I  shall  now  make  some  remarks  on  what  has  been  said  in  the 
Address  respecting  the  action  of  ice  in  general,  and  its  share  in 
forming  lakes  that  are  true  rock-basins  in  particular,  taking 
these  in  connexion  with  other  points  at  issue. 

"  Before  entering  on  the  consideration  of  the  new  theory  of 
the  power  of  moving  ice,"  Sir  Roderick  gives  a  brief  review  of 
the  recent  progress  of  Alpine  glacial  geology,  meaning  by  recent 
principally  those  twenty-five  or  thirty  years  that  have  elapsed  since 
Agassiz  began  to  insist  not  only  on  the  enormous  size  of  the  old 
glaciers  of  the  Alps,  but  on  what  is  now  generally  recognized  as 
the  true  glacial  theory.  "  Granting  to  the  land  glacialists  their  full 
demand  "  for  the  great  size  of  the  old  glacier  of  the  Rhone,  it  is 
stated  by  Sir  Roderick,  backed  by  the  authority  of  Sir  Charles 
Lyell,  that  there  is  nothing  in  that  fact  "  which  supports  the  opi- 
nion that  the  deep  cavity  in  which  the  lake  [of  Geneva]  lies  was 
excavated  by  ice  -,"  for  among  other  things  it  is  "  to  be  noticed 
in  the  case  of  the  Lake  of  Geneva  "  that  it  "trends  from  E.  to 
W.,  whilst  the  detritus  and  blocks  sent  forth  by  the  old  glacier 
of  the  Rhone  have  all  proceeded  to  the  N.  and  N.N.W.,  or  in 
direct  continuation  of  the  line  of  march  of  the  glacier  which 
issued  from  the  narrow  gorge  of  the  Rhone.  By  what  momen- 
tum, then,  was  the  glacier  to  be  so  deflected  to  the  west  that  it 
could  channel  or  scoop  out,  on  flat  ground,  the  great  hollow 
now  occupied  by  the  Lake  of  Geneva  ?  And,  after  effecting  this 
wonderful  operation,  how  Avas  it  to  be  propelled  upwards  from 
this  cavity  on  the  ascent,  to  great  heights  on  the  slopes  of  the 
Jura  mountains  ?"  The  same  argument  it  is  stated  holds  good 
of  the  Rhine  glacier,  which  I  have  attempted  to  show  scooped 
out  the  shallow  hollow  of  the  Lake  of  Constance.  One  would 
suppose  these  questions  to  be  so  conclusive,  that  the  mere  asking 
is  enough,  and  any  opposite  views  must  be  absurdities  which  no 
man  of  any  sound  knowledge  could  entertain ;  and  yet  men  are 
found  who  do  entertain  them  in  part  or  in  whole,  even  authors  of 
great  authority  on  geological  and  physical  subjects,  not  only  in 
the  three  kingdoms,  but  on  the  continents  of  Europe  and  Ame- 
rica. Now  with  regard  to  the  great  old  glacier  of  the  Rhine,  the 
sentence  bearing  on  it  is  so  worded  that  I  am  unable  to  make  out 
whether  it  is  implied  that  in  the  belief  of  Sir  Roderick  Murchi- 
son  no  great  glacier  issuing  from  the  Upper  Rhine  valley  ever 
overspread  the  region  around  the  Lake  of  Constance,  or  whether 
he  and  M.  Escher  von  der  Linth  simply  at  one  time  could  not 
find  signs  of  a  glacier  that  so  "  plunged  into  the  flat  region  on 
the  east  and  north  "  (of  the  Hohe  Sentis)  "  as  to  have  scooped 
out  the  cavity  in  which  the  lake  lies."     If  the  former,  then  Sir 
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Roderick's  opinion  seems  to  have  been  formed  a  long  time  ago; 
for,  adopting  M.  Escher's  authority,  anyone  who  consults  his 
map  of  the  ancient  extension  of  the  Alpine  glaciers,  will  see  that 
he  draws  an  enormous  glacier,  which  issuing  from  the  broad  flat 
valley  of  the  Rhine,  tranquilly  overspread  the  country  on  all  sides 
of  the  lake,  and  without  the  necessity  for  any  plunge,  could  only 
have  been  fed  by  smaller  tributary  streams  of  ice  that,  if  such 
existed,  descended  on  the  northern  slopes  of  the  Hohe  Sentis*. 

In  like  manner.  Sir  Roderick  is  of  opinion  that  the  basin  of 
the  Lake  of  Geneva  was  not  scooped  out  by  ice,  because  "it 
trends  from  east  to  west,"  or  at  right  angles  to  the  main  flow  of 
the  glacier — because  ice,  per  se,  neither  has  nor  has  had  any 
excavating  power" — because  (p.  12)  "in  valleys  with  a  very 
slight  descent,  ....  no  erosion  whatever  takes  place,  particularly 
as  the  bottom  of  the  glacier  is  usually  separated  from  the  sub- 
jacent rock  or  vegetable  soil  by  water  arising  from  the  melting 
of  the  ice,"  and  because  even  in  gorges  "  whence  the  largest  gla- 
ciers have  advanced  for  ages,  we  meet  with  islands  of  solid  rock 
and  little  bosses  still  standing  out,  -even  in  the  midst  of  the  val- 
leys down  which  the  icy  stream  has  swept,"  and  "there  is  no 
proof  of  wide  erosion  " — and,  yet  again,  because  (p.  1 5)  "  ice  has 
so  much  plasticity  that  it  has  always  moulded  itself  upon  the 
inequalities  of  the  hard  rocks  over  which  it  passed,"  and  "  has 
never  excavated  the  lateral  valleys,  nor  even  cleared  out  their 
old  alluvia,"  and  furthermore,  in  general  terms,  because  ice 
could  not  have  been  propelled  up  an  inclination  from  the  bottom 
of  a  lake,  let  the  angle,  I  presume,  be  ever  so  small. 

Now  the  east  and  west  course  of  the  lake  is  here  treated  as  if 
the  glacier  of  the  Rhone  which  overspread  it  were  the  only  gla- 
cier which  helped  to  cover  the  area ;  but  if  any  one  will  take  the 
trouble  to  refer  to  the  map  which  accompanies  my  memoir,  or, 
better  still,  to  M.  Escher's,  he  will  see  that  the  mass  of  ice  must 
have  been  prodigiously  swelled  by  the  great  tributary  glacier  of 
Chamouni,  which,  descending  from  Mont  Blanc,  filled  a  valley 
some  fifty  miles  in  length,  and  joined  the  Rhone  glacier  near  the 
lower  end  of  the  Lake  of  Geneva.  Neither  does  it  require  much 
reasoning  to  see  that  during  the  cold  of  the  glacial  epoch  all  the 
higher  region  south  of  the  lake  must  have  maintained  its  glaciers 
and  filled  the  valleys  that  run  north ;  for  even  now  some  of  the 

*  I  have  to  apologize  to  my  friend  M.  Escher  von  der  Linth  for  not 
having  used  his  map  of  the  ancient  glaciers  as  my  chief  authority  when  my 
Memoir  on  the  Lakes  was  read.  The  first  time  I  saw  his  map,  which  was 
sent  me  by  Principal  Forbes  of  St.  Andrews,  was  after  the  publication 
of  my  memoir.  Had  I  seen  it  in  time,  I  would  certainly  have  availed  my- 
self, in  the  construction  of  my  sketch  map,  of  the  authority  of  a  geologist  so 
accurate  and  distinguished  as  Escher  von  der  Linth. 
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peaks  are  tipped  with  perpetual  snow.  The  Rhone  glacier  had 
therefore  no  lack  of  tributaries  to  maintain  its  mass  over  all  the 
area  of  the  Lake  of  Geneva,  though  towards  the  west,  where  the 
glacier  thinned  away,  that  mass  would  be  less  than  over  the 
eastern  half  of  the  lake,  where  weight  and  grinding-power  must, 
I  believe,  on  that  account  have  necessarily  been  greater.  But 
the  main  flow  of  the  ice,  after  escaping  from  the  Rhone  valley, 
was  necessarily  of  a  mixed  nature,  partly  to  the  N.W.,  and  also 
to  a  great  extent  to  the  N.E.  and  S.W.,  simply  because  the  N,  W. 
face  of  the  glacier  abutted  on  the  Jui'a.  For  it  requires  no  pro- 
found knowledge  of  physics  to  perceive  that  any  body,  whether 
actually  plastic  like  pitch,  or  of  a  modified  plasticity  that  may  be 
fractured  and  reunite  likeyeZ/y*,  orthat  by  "  fracture  and  regela- 
tion  "  behaves  like  a  plastic  body, — I  say  it  requires  no  profound 
knowledge  of  physics  to  understand  that  such  a  body,  constantly 
renewed  and  pressed  on  from  behind,  when  opposed  by  a  high 
impassable  barrier  (like  the  Jura),  will  spread  itself  out  in  the 
direction  of  least  resistance,  that  direction  in  the  case  of  the 
Rhone  glacier  having  been  at  right  angles  to  the  general  pres- 
sure, or  N.E.  and  S.W.,  whence  I  believe  the  general  form  and 
trend  of  the  Lake  of  Neuchatel. 

But,  in  the  second  place,  is  there  indeed  no  proof  that  ice 
"  neither  has  nor  has  had  any  excavating  power,"  whether  in  val- 
leys of  large  or  of  low  inclination,  narrow  or  broad  ?  Then  why 
is  it  that  all  the  rivers  that  flow  from  glaciers,  great  and  small, 
are  so  muddy  ?  Surely  no  one  will  contend  that  all  "  the  flour 
of  rocks "  that  gives  to  the  rivers  a  pipeclay  colour  has  been 
washed  in  by  sti-eams  from  the  surface.  Alpine  club  men  who 
drink  (rarely)  of  the  brooks  that  run  on  the  surface  of  the  ice 
will  repudiate  the  idea ;  those  who  fancy  they  see  in  the  Loess 
of  the  Rhine  the  old  glacier-ground  mud  of  the  Alps  will  shrink 
from  it ;  and  many,  if  not  all  the  Alpine  geologists  versed  in  ice 
whom  I  have  conversed  with  in  Italy  and  Switzerland,  will,  I  ven- 
ture to  say,  still  hold  that  glaciers  by  erosion  seriously  afi"ect 
their  beds.  What  else  is  the  meaning  of  the  striation  and  deep 
grooving,  the  mammillation  and  the  glassy  polish,  even  of  quartz, 
and  of  all  the  Alpine  rocks,  whether  hard  or  soft  ?  The  mud  of 
the  rivers  is  chiefly  derived  from  this  incessant  ice-waste;  and  that 
is  why  it  is  so  unearthy,  so  clean,  fresh,  and  impalpable.  Were  it 
merely  or  chiefly  surface-wash,  derived  from  the  hills  and  washed 
underneath  and  carried  forward  below  the  glaciers,  the  sediment 
in  great  part  would  be  dirty,  torrential,  and  coarse  enough,  espe- 
cially if,  as  is  stated,  glaciers  do  not  seriously  grind  along  their 
rocky  floors.  So  far  from  a  glacier  exercising  only  a  trifling  grind- 
ing-power, "  because  it  is  usually  separated  from  the  subjacent 
*  I  have  obtained  this  comparison  from  the  Master  of  the  Mint. 
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rock  or  vegetable  soil  by  water  arising  from  the  melting  of  the 
ice/'  the  grinding  power  is  so  immense,  that  in  unweathered 
ground  comparatively  recently  covered  by  a  glacier,  every  foot 
of  surface  is  often  polished  and  striated.  If,  indeed,  water  usually 
separates  ice  from  the  rock  so  that  it  does  not  press  upon  it, 
a  glacier,  whether  30  or  3000  feet  thick,  would  need  to  be 
treated  in  the  main  as  a  floating  body;  and  it  is  well  known 
that  with  floating  ice  there  is  some  eight  or  ten  times  as  much 
ice  below  as  above  the  water. 

As  for  bosses  ''still  standing  out  in  the  midst  of  the  valleys" 
proving  that  glaciers  have  no  erosive  power,  the  reader  unlearned 
in  theories  of  denudation  will  easily  understand  that  the  same 
kind  of  argument  might  be  applied  to  the  pillars  of  earth  left 
for  a  time  in  the  midst  of  a  railway-cutting  the  actual  exca- 
vation of  which  he  had  not  seen ;  or  because  Goat  Island  still 
stands  in  the  middle  of  the  falls,  the  Niagara  has  not  cut  its 
gorge ;  or  because  other  low  islands  lie  higher  up,  the  river  has 
not  worn  out  a  channel  on  either  side  of  them  and  will  not 
destroy  them ;  or  in  marine  denudation,  that  the  chalk  between 
Old  Harry  and  his  Wife  and  the  mainland  of  Swanage  Bay,  and 
that  between  the  Needles  and  the  Isle  of  Wight,  has  not  been 
washed  away  by  the  sea,  because  the  islets  still  stand  in  the 
midst.  If,  however,  it  be  said  that  the  glacier-islets  are  the 
result  of  old  subaerial  denudations  before  the  glacier  began  to 
flow,  I  might  perhaps  doubt  it,  but,  for  evident  reasons,  for  the 
purpose  of  this  argument,  I  will  not  quarrel  with  it.  If  they 
have  not  been  left  prominent  either  by  streams  or  ice,  then, 
according  to  the  hypothesis  which  accounts  for  these  valleys  by 
disturbance,  the  bosses  in  the  midst  of  the  glaciers  are  the  result 
of  a  process  of  dislocation  of  which  I  should  like  to  see  the  spe- 
cial proof. 

The  peculiarity  and  in  part  the  amount  of  this  wearing  action 
of  ice  is  indeed  due  to  that  very  "  plasticity  "  which  enables  ice  to 
mould  "  itself  upon  the  inequalities  of  the  hard  rock."  And  it  is 
just  therein  that  its  excavating  power  diff"ers  from  that  of  water. 
Still  water  cannot  excavate  a  large  basin-shaped  hollow,  and  in 
the  depths  of  a  lake  water  is  still;  but  glacier-ice,  having 
'^  moulded  itself  upon  the  inequalities  of  the  hard  rocks  over 
which  it  passed,"  can  even  move  right  over  a  barrier  of  rock  and 
grind  it  into  roches  moutonnees.  The  very  fact  that  a  7'oche  mou- 
tonnee  has,  as  stated  by  Sir  Roderick,  a  "Stoss-Seite,"  is  indeed 
proof  that  with  sufficient  pressure  behind,  a  glacier  can  to  some 
extent  pass  uphill ;  and  those  who  remember  the  great  size  and 
height  of  many  of  these  barriers  in  Switzerland,  as,  for  instance, 
the  Kirchet  and  the  hill  behind  the  Grimsel,  will  be  prepared  to 
follow  the  arguments  urged  in  my  original  paper — and,  for  dif- 
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ferent  reasons,  also  held  by  De  Mortillet — viz.  that  a  glacier  of 
sufficient  thickness  could  not  only  fill  a  lake,  but  could  flow  up 
the  low  angle  of  the  ascent  towards  the  outflow  and  escape 
beyond  its  bounds*. 

If  a  glacier  can  round,  polish,  and  cover  with  striations  the 
rocks  over  which  it  passes — if,  flowing  from  its  caverns,  it  can 
charge  rivers  thickly  with  the  finest  mud,  then  it  can  wear  away 
its  rocky  floor  and  sides.  Here  indeed  an  appeal  to  nature  may 
safely  be  made,  and  the  answer  will  be  easily  obtained ;  for, 
standing  on  the  surface  of  scores  of  glaciers,  such  as  those  of  the 
Aar,  and  casting  the  eye  upward,  the  whole  mountain-sides  are 
mcmtonnes,  and  parallel  striations  running  along  and  down  the 
valley  are  universal ;  and  not  there  alone,  but  miles  and  miles 
below  the  end  of  the  puny  glaciers  of  today  the  signs  of  the 
same  wearing  actions  of  grander  ice-streams  are  visible  both  in 
and  thousands  of  feet  above  the  present  bottoms  of  the  valleys. 
It  needs  no  subtle  argument  to  prove  it.  Nature  proclaims  it ; 
we  have  but  to  open  our  eyes  and  look  upon  it  to  see  that  ice 
grinds,  and  has  ground  and  planed  away  the  surface  of  rocks,  as 
surely  as  a  planing  machine  cuts  iron,  and  for  much  the  same 
cause.  "What  more,^'  says  Hutton,  writing  of  analogous  waste, 
"  what  more  is  required  ?  Nothing  but  time.  It  is  not  any  part 
of  the  process  that  will  be  disputedf  j  but  after  allowing  all  the 
parts  the  whole  will  be  denied ;  and  for  what  ?  only  because 
we  are  not  disposed  to  allow  that  quantity  of  time  which  the 
ablution  of  so  much  wasted  mountain  might  require."  "  Time," 
says  Playfair,  "  performs  the  office  of  integrating  the  infinitesimal 
parts  of  which  this  progression  is  made  up ;"  and  though  I  have 
in  this  Magazine  formerly  attempted  to  show,  for  purely  geolo- 
gical reasons,  that  the  greater  valleys  in  the  Alps  existed  before  the 
so-called  glacial  period,  yet  I  know  perfectly  well,  not  only  that 
since  that  time  glaciers  have  worn  a  vast  quantity  of  matter  out 
of  them,  but  that,  given  sufficient  time,  a  glacier  of  itself  might 
scoop  out  a  valley  of  any  depth,  just  as  running  water  may  do 
the  same,  or  as  surely  as  that,  given  sufficient  time,  the  sea  will 
wear  away  any  island,  soft  or  hard,  large  or  small,  that  rises 
amidst  its  waves. 

In  further  proof  of  the  assertion  that  glacier-ice  can  have  no 
serious  eff'ect  in  wearing  away  its  bottom,  great  stress  is  laid  on 
the  well-known  fact  that  such  short  and  steep  glaciers  as  those 

*  Unless  I  am  much  mistaken,  geologists  will  some  day  be  much  sur- 
prised at  the  size  and  kind  of  hills  that  they  will  be  obliged  to  allow  that 
glaciers  have  travelled  over. 

t  Things,  however,  that  he  considered  almost  self-evident  are  now  dis- 
puted every  day.  The  tendency  of  opinion  begins  to  set  in  the  opposite 
direction. 
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of  the  Brenva  and  Miage  ride  over  their  moraines.  I  know  these 
glaciers  well,  and  the  statement  that  they  do  ride  on  their 
moraines  is  perfectly  true;  but  few  geologists,  and  probably  no 
physical  philosopher  will  rest  his  reputation  on  the  assertion 
that,  if  those  glaciers  were  to  increase  till  they  attained  their 
ancient  size,  when  as  mere  tributary  sources  they  helped  to  swell 
the  enormous  mass  that  ploughed  all  down  the  Val  d'Aosta  to 
beyond  Ivrea, — will  anyone,  I  say,  rest  his  reputation  on  the 
belief  that  these  moraine  heaps  would  lie  where  they  now  do, 
underneath  a  thousand  or  thousands  of  feet  of  ice,  unmoved  to 
all  eternity,  or  at  least  till  the  complete  decline  of  the  glaciers 
permitted  the  loose  material  to  be  attacked  by  running  water  ? 
If  so,  again,  whence  the  muddy  glacier  rivers,  and  whence  the 
scratched  stones  that  come  Jrom  under  the  glaciers  ?  Tyndall  will 
not  believe  in  their  immobility,  nor  De  Mortillet,  nor  Gastaldi, 
nor  Darwin,  who  was  the  first  to  show  that  the  larger  glaciers  of 
Wales  had  ploughed  the  drift  out  of  some  of  the  greater  valleys 
of  the  country ;  and  many  other  geologists  of  weight  will  equally 
shrink  from  the  idea.  Has  ice  no  weight  ?  Do  the  huge  glaciers 
of  Victoria-land  and  of  Greenland  exert  no  pressure  on  the  ground 
over  which  they  flow  ?  and  are  there  no  stones  and  no  powder  of 
rocks  beneath  to  help  the  grinding-powcr  ?  Rub  iron  with  your 
finger  often  and  long  enough,  and  it  will  wear  a  channel  in  the 
metal ;  for  the  skin,  like  the  passing  glacier,  will  be  renewed, 
while  the  iron  has  no  means  of  restoration.  If  yielding  water 
can  wear  out  a  channel,  which  few  people  will  deny,  far  more, 
then,  must  the  weight  of  a  thick  glacier  exercise  a  prodigious 
abi-ading-power ;  for  surely  no  one  on  reflection  will  be  so  bold 
as  to  assert  that  50  feet,  or  one,  two,  or  three  thousand  vertical 
feet  of  ice  with  a  specific  gravity  of  nearly  0'92  will  everywhere, 
or  nearly  everywhere,  be  separated  from  its  floor  by  a  stra- 
tum of  water  so  complete  that  the  glacier  rarely  touches  the  bot- 
tom. If  Agassiz,  Forbes,  and  Tyndall,  backed  by  Studer, 
Escher,  and  Gastaldi,  were  to  tell  me  so  (and  they  would  not 
dream  of  it),  my  reverence  for  authority  (and  it  is  great)  could 
not  persuade  me  to  believe  them. 

If,  then,  glaciers  can  waste  rocks  and  deepen  valleys,  is  it 
possible  that  the  great  old  glaciers  under  favourable  circum- 
stances have  excavated  lake-basins,  when  rocks  of  unequal  hard- 
ness came  in  their  course,  or  when  from  special  causes  the 
pressure  of  ice  was  unusually  great  on  certain  areas  ?  Or  were 
they  apt  to  do  so  by  a  combination  of  these  causes,  when,  ceas- 
ing to  flow  through  valleys  of  great  or  of  moderate  inc  ination, 
they  descended  into  regions  that  are  comparatively  level  ? 

I  will  not  repeat  what  I  have  elsewhere  printed  about  the 
effect  of  ice  passing  over  rocks  of  unequal  hardness,  nor  yet  what 
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I  have  said  of  the  conjJuence  of  immense  glaciers  like  those  that 
once  united  in  the  valley  of  the  Lago  Maggiore  at  what  are  now 
the  Borromean  Isles.  But  it  seems  to  me  that  to  any  one  who 
allows  any  excavating  power  to  a  glacier,  it  will  be  evident  that 
when  the  general  inclination  of  a  valley  was  comparatively  steep, 
a  glacier  could  have  had  no  opportunity  of  cutting  for  itself  any 
special  basin-shaped  hollows.  Its  course,  with  a  difference,  is 
like  that  of  a  torrent.  But  in  a  flat-bottomed  part  of  a  valley, 
or  in  a  comparative  plain  that  lies  at  the  base  of  a  mountain- 
range,  the  case  is  not  the  same.  For  instance,  to  take  an  ex- 
treme case,  if  a  glacier  tumble  over  a  slope  of  45°,  no  one  would 
dream  of  the  ice-flow  pi'oducing  any  special  effect,  except  that 
in  the  long  run,  the  upper  edge  of  the  rock  that  forms  the  cata- 
ract being  worn  away,  its  average  angle  would  be  lowered.  And 
so  of  minor  slopes ;  if  the  ice  flowing  fast  (for  a  glacier)  rendered 
the  rocky  surface  underneath  unequal,  such  inequalities  could  not 
become  great  and  permanent ;  for  the  rapidly  flowing  ice  would 
attack  the  projecting  parts  with  greater  power  and  effect  than  the 
minor  hollows,  and  so  preserve  an  approximate  uniformity,  or  an 
average  angle  of  moderate  inclination.  But  when  a  monstrous 
glacier  descended  into  a  comparative  plain,  or  into  a  low,  flat 
valley,  the  case  was  different.  There,  to  use  homely  phrases, 
the  ice  had  time  to  select  soft  places  for  excavation,  and  there,  if, 
from  the  confluence  of  large  glaciers,  or  for  other  reasons,  the 
downward  pressure  of  the  ice  was  of  extra  amount,  the  excavating 
effect,  I  contend,  must  have  been  unusually  great  in  special  areas, 
and  have  resulted  in  the  formation  of  rock-bound  hollows.  And 
though  the  glacier  of  Ivrea  has  been  constantly  quoted  as  a  case 
that  completely  proves  the  absurdity  of  my  theory,  this  merely 
shows  the  unwariness  of  those  who  quote  it ;  for  not  only  are 
there  a  great  many  roek-basins  full  of  water  above  Ivrea  in 
among  the  vast  roches  moutonnees  near  the  opening  of  the  plain, 
but,  where  beyond  this  point  the  glacier  spread  out  so  wide  on 
the  Pliocene  plain,  it  has  scooped  away  so  much  material  that 
parts  of  that  plain  are  below  the  average  level  of  the  plains  of 
Piedmont  that  lie  outside  the  great  moraine.  Given  sufficient 
time  and  extension  of  the  glacier,  and  more  matter  still  would 
have  gone  away.  The  same  argument  equally  applies  to  the 
case  on  the  Lake  of  Zurich,  where  glacier  debris  is  said  to  lie  on 
alluvial  detritus.  In  reply  to  the  question  why  in  the  actual 
valley  of  Aosta  there  are  no  lake-basins,  I  might  with  equal 
propriety  say.  Many  contorted  regions  are  much  faulted,  and 
there  is  often  an  evident  connexion  between  contortion  and  faults ; 
but  in  some  contorted  regions  there  are  few  or  no  faults,  and 
the  reason  of  their  absence  remains  to  be  accounted  for.  I  have 
attempted  to  explain  why  the  rock-basins  are  present,  and  not 
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why  they  are  absent.  It  may  be  that  some  of  the  alluvial  flats 
of  the  valley  are  lake-hollows  filled  up. 

But  another  statement  urged  by  Sir  Roderick  against  my 
theory  is,  that  the  scooping-out  of  such  hollows  by  ice  is  im- 
possible, because  ice  cannot  flow  up  an  inclined  plane.  If  so,  I 
repeat,  what  is  the  meaning  of  the  "  Stoss-Seite"  or  upper  side 
of  a  roche  moutonnee  that  bars  a  wide  glacier  valley,  through 
which  barrier  perhaps  a  mere  narrow  river  gorge  passes — as,  for 
instance,  in  the  case  of  the  Kirchet  so  well  known  to  Alpine 
men,  or,  on  a  smaller  scale,  of  the  roches  moutonnees  near  the 
slate-quarries  in  Nant  Francon  ?  In  both  cases  the  barrier  re- 
mained intact  till  the  drainage  of  the  glacier- formed  lakes  cut 
gorges  through  them — or,  if  Sir  Roderick  prefer  it,  till  convul- 
sions made  gorges.  Its  moutonnee  form  will  convince  every 
accomplished  glacialist  that  the  ground  was  once  covered  by 
ice.  The  strike  of  the  rocks  will  be  enough  for  ordinary  geolo- 
gists ;  for  no  man  can  suppose  who  sees  the  corresponding  forms 
of  the  roches  moutonnees  on  either  side  of  the  narrow  gorge  of 
the  Aar,  that  that  gorge  existed  befwe  the  period  of  the  great 
glacier,  and  that  the  glacier  flowed  entirely  between  the  walls  of 
the  narrow  passage.  If  I  am  right  in  this,  then  the  great  old 
glacier  of  the  Aar  flowed  right  over  the  hill,  from  bottom  to  top, 
and  away  into  regions  far  beyond,  in  the  manner  I  have  imper- 
fectly shown  in  my  little  book  on  the  old  glaciers  of  Switzerland 
and  North  Wales,  and  equally  so  whether  the  gorge  was  formed 
by  sudden  violence  or  by  water. 

In  the  existence,  therefore,  of  "  Stoss-Seiten,"  and  in  their 
upward  striations,  both  in  small  and  large  roches  moutonneeSy 
there  is  proof  that  the  belief  that  glaciers  cannot  flow  over 
hillocks,  and  even  hills  of  considerable  size,  is  a  mere  assertion 
founded  on  prejudice :  to  me  the  wonder  is,  that  any  one  can 
ever  have  believed  it  who  has  truly  observed  phenomena  in  the 
Alps,  or  who  is  familiar  even  with  the  ancient  glaciation  of  our 
own  country.  And  if  this  be  so,  I  see  no  difficulty  in  accepting 
the  hypothesis  that  the  length  and  inclination  of  the  slope 
which  the  bottom  of  a  glacier  may  ascend  depend  simply  on 
the  thickness  of  the  ice,  and  on  the  amount  of  the  propelling 
power  behind,  that  power  being  due  to  the  weight  and  mass  of 
the  descending  ice,  and  the  average  angles  of  the  valley  behind 
the  point  whence  the  upward  ascent  begins*. 

Now,  in  dealing  with  this  question,  most  of  the  geologists 
who  have  opposed  me  have  treated  the  larger  lake-hollows  much 
as  they  do  Time.  Unconsciously  they  seem  to  me  to  be  afraid  both 
of  it  and  of  them.  "Look,"  they  seem  to  say,  "at  these  mountains, 

*  I  think  it  might  be  possible  to  make  a  very  good  approximate  calcula- 
tion on  this  point,  and  I  hope  it  may  yet  be  done. 
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how  awfully  high  and  rugged  they  are ;  can  any  amount  of  time, 
aided  by  weather,  torrents,  rivers,  and  glaciers  produce  such 
effects  ?  Old  writers,  like  Hutton  and  Playfair,  and  a  few 
modern  observers  (some  of  whom,  both  in  America  and  Europe, 
have  great  familiarity  with  rocks),  say  they  can;  but  we  know  that 
rending  and  fracture  is  the  chief  agent,  and  denudation  is  in  com- 
parison quite  a  trifling  affair.  Look,  again,  at  the  hollows  of  the 
lakes,  how  awfully  deep  they  are  !  How  is  it  possible  for  a  glacier 
ever  to  have  slid  up  a  hill  from  a  depth  so  profound  ?  "  In 
treating  the  slopes  as  great,  consists  the  viciousness  of  this  sup- 
posed argument.  Unconsciously,  some  of  the  arguers  are  draw- 
ing exaggerated  diagrams  in  their  minds.  They  foreshorten  the 
slope,  increase  in  their  mind's  eye  its  steepness,  and  forget 
their  trigonometry  altogether.  But  let  me  beg  of  them  to  try 
to  realize  the  real  state  of  the  case,  and  see  how  small  by  com- 
parison the  depth  really  is,  and  how  gentle  the  slope.  Were 
the  bottom  of  the  Lago  INIaggiore  not  undulated  (for  I  believe 
the  islands  to  be  mere  roches  moutonnees) ,  this  slope  from  the 
deepest  part  of  the  lake  (2600  feet)  to  its  outflow  would  only 
be  2°  21'  in  a  distance  of  about  12  miles,  a  slope  so  gentle  that, 
were  a  man  standing  on  it,  by  the  eye  he  would  barely  be  able 
to  tell  whether  he  was  on  an  inclined  plane  or  nof^.  Again, 
take  the  Lake  of  Geneva  from  the  place  where  it  is  nearly  a 
thousand  feet  deep  to  Geneva,  the  average  slope  is  only  about 
25',  an  angle  so  small  that  any  geologist  looking  at  it  would  be 
apt  to  consider  the  surface  as  horizontal.  The  question,  then, 
as  regards  the  lakes  resolves  itself  into  this :  Is  it  possible  that 
the  ice  of  the  great  old  glaciers  could  ever  have  travelled  up 
these  exceedingly  small  inclinations  for  a  distance,  say  of  13 
miles  in  the  one  case  and  20  to  25  miles  in  the  other  ? 

And  now,  in  connexion  with  this  point,  I  could  wish  that  Sir 
Roderick  had  expressed  an  opinion  whether  or  not  he  agrees 
with  the  old  geologists,  that  (p.  7)  "  the  Lakes  of  Geneva  and 
Neiifchatel  were  so  filled  up  with  snow  and  ice  that  the  advancing 
glaciers  travelled  on  them  as  bridges  of  ice,  the  foundations  of 
which  occupied  the  cavities.''  If  this  were  so,  then,  in  other 
words,  the  lower  strata  of  ice  in  the  hollow  of  what  is  now  a 
lake  remained  in  a  condition  of  static  equilibrium,  and  over  this 
ice  the  advancing  part  of  the  glacier  slipped  or  was  propelled. 
Strictly  speaking,  it  is  evident  that  this  state  of  static  equilibrium 
is  impossible ;  for  all  the  ice  of  a  glacier  a  little  below  the  sur- 
face being,  even  in  winter,  in  a  melting  state,  the  lower  strata 

*  In  my  original  paper  on  the  glacial  excavation  of  certain  lakes,  I 
made  an  unfortunate  error  in  calculation,  stating  that  the  angle  is  about  5°. 
In  an  able  article  in  the  '  Reader,'  Professor  Jukes  corrected  the  error,  and 
made  the  slope  2°. 
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above  alluded  to  must  have  been  destroyed  and  renewed  over 
and  over  again ;  and  as  glacier-ice  is  practically  anything  but  a 
rigid  body,  I  think  it  would  be  easy  to  show  that,  just  as  in  Arc- 
tic regions  in  winter  the  more  rapid  flow  of  the  lower  strata  of 
ice,  with  a  temperature  of  about  32°,  shatters  the  more  rigid 
and  slowly- moving  upper  layers  which  have  a  temperature  far 
below  that  point,  so,  for  other  reasons,'  the  motion  of  some  2000 
vertical  feet  of  ice  sliding  over  the  basin,  would  be  communicated 
to  the  lower  strata ;  for  pressure  in  ice  produces  adhesion  of  parts. 
I  for  one  cannot  conceive  a  horizontal  fracture  of  40  miles  in  length 
over  the  area  of  the  Lake  of  Geneva,  clearly  dividing  two  bodies 
of  ice,  the  lower  of  which  was,  where  thickest,  nearly  1000  feet, 
and  the  upper  and  sliding  stratum  must  have  been  nearly  3000 
feet  thick.  It  is,  in  fact,  a  piece  of  mere  elementary  knowledge 
that  any  heavy  body  passing  steadily  across  any  other  body,  the 
parts  of  which  are  moveable,  will  communicate  motion  to  the 
parts  over  which  it  passes,  whether  one  or  both  of  those  bodies 
be  viscid  or  plastic,  or  of  some  other  compound  character ;  and 
when  I  wrote  my  original  paper  it  never  occurred  to  me  that 
there  was  any  need  of  mentioning  a  point  so  obvious.  But  in  a 
glacier  that  fills  a  lake-basin,  this  is  by  no  means  the  only,  and 
perhaps  not  the  principal,  cause  of  motion.  A  glacier  does  not 
throughout  all  its  course  move  on  simply  by  virtue  of  gravity. 
Pressure  from  behind  has  a  great  deal  to  do  with  it ;  as,  for 
instance,  in  the  case  of  the  Rhone  glacier,  familiar  to  so  many, 
and  cited  by  Professor  IMerian  and  Dr,  Tyndall.  There,  at  the 
cataract,  the  ice  fractures  and  slides  down  comparatively  rapidly 
in  masses,  but  at  the  base,  where  it  moves  slowly,  pressure  from 
behind  causes  the  masses  to  touch  and  reunite,  and  the  whole 
slides  on,  a  re-formed  mass, into  the  lower  valley,  the  inclination  of 
which  is  small.  So,  in  the  case  of  the  lakes,  the  depths  of  which 
seem  so  appalling,  but  the  real  angles  of  the  beds  of  which  are  so 
small,  there  seems  to  me  nothing  either  impossible  or  remarkable 
in  the  idea  that  the  long  and  enormous  onflowing  inclined 
mass  of  the  glacier  of  the  Rhone  pushed  before  it  in  the  plain 
(for  such  it  is)  its  own  more  sluggish  continuation  up  a  slope  of 
25'  for  a  distance  of  20  or  25  miles.  I  believe  that  the  same 
argument  is  equally  applicable  to  the  Lago  Maggiore,  where  the 
already  vast  glacier,  swelled  by  the  mighty  tributary  of  the  Val 
d^Ossola,  was  thus  enabled  to  push  along  the  low  average  slope 
of  2°  21'  for  a  distance  about  half  as  great.  The  very  islands  in 
many  a  lake  once  filled  with  ice  help  to  prove  this ;  for,  as  in 
the  case  of  Loch  Lomond,  they  are  mere  roches  moutonnees,  and 
I  for  one  cannot  conceive  that  the  mammillation  ceases  imme- 
diately below  the  surface  of  the  water. 

Having  got  thus  far,  I  will  not  repeat  my  arguments  to  show 
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that  (as  T  attempted  to  prove  in  my  original  memoir)  the  Alpine 
and  other  ice- worn  lakes  known  to  me  do  not  lie  in  areas  of 
special  subsidence,  nor  in  gaping  fractures,  nor  in  simple  synclinal 
basins,  nor  in  hollows  of  watery  erosion.  If  any  one  who  reads 
this  is  curious  about  them,  he  must  refer  to  that  memoir^ ;  but 
this  at  least  I  may  be  permitted  to  say :  I  used  at  all  events 
arguments,  even  somewhat  elaborate,  and  not  mere  statements, 
and  whether  these  arguments  are  fated  to  be  successful  time 
alone  will  show.  That  they  were  at  all  events  of  some  value,  the 
names  of  the  distinguished  geologists  who  have  accepted  my 
theory  helps  to  show ;  and  1  could  add  to  these  other  names  as 
high  as  the  very  highest  of  those  on  whose  authority  Sir  Roderick 
so  much  depends,  did  propriety  permit  me  to  quote  from  letters 
and  commit  men  to  opinions  which  they  have  not  expressed  in 
print. 

But  before  leaving  the  subject,  let  me  say  a  little  more  about 
the  possibility  of  these  lakes  lying  in  fractures.  For  this  pur- 
pose let  us  take  some  of  those  that  lie  on  the  north  side  of  the 
Alps,  partly  in  the  region  of  the  Miocene  strata.  If  they  lie  in 
lines  of  gaping  fracture,  nearly  as  wide  as  the  present  lakes, 
then  on  the  hills,  say  between  the  Lake  of  Lucerne  and  Thun, 
and  between  Thun  and  the  Lake  of  Zurich,  the  Miocene  strata 
would  be  a'umpled  up  in  zigzag  lines  across  the  average  line  of 
strike,  to  an  amount  corresponding  to  the  distance  between  the 
severed  strata  in  the  spaces  now  overlooking  and  occupied  by  the 
lakes.  This  is  not  the  case.  Again,  if  the  fractures  were  mere 
narrow  cracks,  then  the  amount  of  denudation  that  took  place 
so  as  to  form  the  wide  valleys  has  been  enormous,  and  within  a 
mere  fraction  of  what  I  require,  especially  when  we  consider 
that  the  great  denudation  necessary  to  widen  the  fractures  would 
have  filled  up  the  lake-basins.  The  theory  of  the  chief  forma- 
tion of  Alpine  valleys  having  been  efiiected  by  weather,  water, 
and  ice,  would  therefore  still  hold  good. 

I  might  continue  these  arguments,  and  discuss  in  detail  what 
Sir  Roderick  has  said  about  Scandinavia,  North  America,  and 
other  regions,  and  among  other  things  show  how  unprecise  is 
the  knowledge  that  we  actually  possess  respecting  the  details  of 
the  boulder-beds  that  overspread  some  of  them,  and  how  unsafe 
it  is  to  conclude,  because  a  country  is  not  actually  mountainous, 
and  does  not  now  lie  high  above  the  sea-level,  that  it  was  never 
covered  by  glacier-ice  in  motion,  and  may  not  at  one  time 
have  lain  much  higher.  In  spite  of  Agassiz^s  memoirs,  it  is  not 
long  since  all  the  lower  Till  of  Scotland  was  considered  not  to 
be  ordinary  moraine-matter  at  all,  but  to  have  been   formed 

*  They  are  also  given  iu  '  The  Physical  Geology  and  Geography  of 
Great  Britain.' 
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solely  in  the  sea  by  the  transporting  agency  of  icebergs.  Let 
those  who  still  believe  it  refer  for  proof  to  the  contrary  to  Mr. 
Geikie's  admirable  work  'On  the  Phenomena  of  the  Glacial  Drift 
of  Scotland.'  I  know  enough  of  the  superficial  strata  in  North 
America  to  foresee  that  the  erratic  deposits  there  will  some  day 
also  be  divided  into  terrestrial  and  marine  series,  and  I  am 
pretty  sure  that  Sir  William  Logan  will  not  deny  the  proba- 
bility. For  the  vast  size  of  the  ancient  glaciers  of  that  con- 
tinent, I  would  refer  to  Professor  Dana's  admirable  Manual  of 
American  Geology.  It  is  a  mistake  to  suppose  that  the  stria- 
tions  there  merely  run  from  north  to  south,  for  Sir  William 
Logan,  who  has  mapped  them,  proves  that  they  often  conform 
to  the  bends  of  the  valleys. 

As  regards  the  great  lakes  of  that  continent,  so  far  from  being 
"  cavities  originally  due  to  a  combination  of  ruptures  and  denu- 
dations of  the  rocks,"  it  is  impossible  intimately  to  know  the 
country  and  believe  it.  There  the  Silurian  strata,  amid  which 
the  lakes  lie,  are  arranged  so  tranquilly  and  at  angles  so  low, 
that  the  flattest  chalk  of  Great  Britaiji  may  be  almost  said  to  be 
tumultuous  in  comparison ;  and  the  forthcoming  sections  of  Sir 
William  Logan  conclusively  prove  that  around  the  lakes  there 
is  no  trace  of  dislocation  to  help  to  form  the  hollows,  nor  yet  do 
they  lie  in  hollows  of  special  subsidence.  Only  Lake  Superior 
covers  a  faint  synclinal  curve;  and  Lake  Ontario,  so  far  from 
occupying  an  area  of  special  depression,  actually  lies  on  a  very 
low  anticlinal  bend  of  soft  strata,  the  top  of  which  has  been 
denuded  away.  That  Sir  William,  who  has  been  called  the  best 
stratigraphical  geologist  in  America,  believes  that  ice  has  some- 
thing to  do  with  the  scooping  out  of  rock-basins,  any  one 
may  see  who  refers  to  his  late  masterly  report  on  the  geology  of 
Canada ;  and  Professor  Newberry,  w^hom  Sir  Roderick  knows  as  a 
physical  geologist  and  geographer,  adheres  strongly  to  that  opinion. 

As  for  the  observation  of  my  friend  M.  de  Verneuil,  that  the 
orographic  hollows  in  Spain  are  precisely  those  that  "  a  theorist " 
might  "  attribute  to  excavation  by  ice,"  I  decline  to  be  judged 
by  it,  till  I  have  seen  them  and  declared  that  opinion.  I  object, 
both  for  myself  and  my  supporters,  that  we  should  be  judged  in 
a  manner  so  vague.  And  further,  I  think  I  appeal  to  Nature 
to  some  purpose  w^hen,  neither  for  the  first  nor  the  second  time, 
I  ask  philosophers  to  consider  why  it  is  that  not  only  drift-  and 
moraine-dammed  lakes,  but  striated  rock-basins  of  all  sizes  occur 
in  such  prodigious  numbers  in  America,  Scandinavia,  the  High- 
lands, and  in  all  other  rocky  temperate  regions,  high  or  low,  that 
have  been  glaciated,  while  in  tropical  and  subtropical  regions 
they  are  so  rare  as  to  be  quite  exceptional  elsewhere  than  in 
mountain  areas  that  now  or  once  maintained  their  glaciers. 
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Several  other  points  raised  by  Sir  Roderick  in  that  part  of  his 
Address  that  relates  to  physical  geology,  glaciers,  and  icebergs 
remain  to  be  discussed.  I  have  entered,  however,  on  this  argu- 
ment with  great  reluctance,  and,  unless  circumstances  again  con- 
strain me,  I  shall  leave  the  remaining  questions  untouched. 


XXXVI.  Historic  Notes  on  the  Conservation  of  Energy. 
By  Professor  Bohn. 

To  Professor  Tyndall,  Esq.,  F.R.S. 

I  RE  AD  your  "  Notes  on  Scientific  History"*  with  great  plea- 
sure and  satisfaction.  I  agree  perfectly  with  all  you  say 
respecting  Mayer's  researches  as  compared  with  those  of  others ; 
in  some  respects,  indeed,  I  am  inclined  to  go  further  than  you  do. 
Seven  years  ago  1  studied  the  history  of  the  principle  of  the 
Conservation  of  Energy,  and  arrived  at  the  same  conclusion,  with 
respect  to  the  modern  development  of  this  theorem,  as  the  one 
for  which  you  so  ably  and  warmly  contend.  Your  recent  disin- 
terested advocacy  of  Mayer's  claims,  and  my  own  conviction 
that  historic  truth  is  the  sole  object  of  your  research,  inspire  the 
hope  that  the  following  remarks  will  be  found  worthy  of  atten- 
tive perusal. 

Descartes,  so  far  as  1  know,  was  the  first  to  give  expression  to 
the  thought  that  whatever  is  not  material  must  necessarily  be 
indestructible.  This  non-material  something  he  called  "  Force," 
a  word  which  subsequently  had,  for  a  long  period,  divers  and 
consequently  vague  meanings. 

In  Descartes's  Principia  Philosophies  (Pars  II.,  §  xxxvi.)  we 
find  the  following : — "  Deum  esse  primariam  motus  causam  et 
eandem  semper  motus  quantitatem  in  universo  conservare. 

"  Motus  natura  sic  animadversa,  considerare  oportet  ejus 
causam,  eamque  duplicem  :  Primo  scilicet  universalem  et  pri- 
mariam, quae  est  causa  generalis  omnium  motuum  qui  sunt  in 
mundo ;  ac  deinde  particularem,  h  qua  fit,  ut  singulae  materiae 
partes  motus,  quos  prius  non  habueruut,  acquirant.  Et  gene- 
ralem  quod  attinet,  manifestum  mihi  videtur  illam  non  aliam  esse, 
qukm  Deum  ipsum,  qui  materiam  simul  cum  motu  et  quiete  in 
principio  creavitf,  jamque  per  solum  suudi  concursum  ordinarium, 
tantundem  motus  et  quietis  in  e^  tota  quantum  tunc  posuit 
conservat.  Nam  quamvis  ille  motus  nihil  aliud  sit  in  materia 
mota  quam  ejus  modus ;  certam  tameu  et  determinatam  habet 

*  Phil.  Mag.  S.  4.  vol.  xxviii.  p.  25. 

t  Phil.  Mag.  S.  3.  vol.  xxiii.  p.  442  (1843) :  Mr.  Joule,  "  That  the  grand 
agents  of  nature  are  by  the  Creator's  fiat  indestructible." 
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quantitatetn,  quam  facile  intelligimus  eandem  semper  in  tota 
rerum  universitate  esse  posse,  quamvis  in  singulis  ejus  partibus 
mutetur.  Ita  scilicet  ut  putemus,  cum  una  pars  materia  duplo 
celeriiis  movetur,  qukm  altera,  et  hsec  altera  duplo  major  est 
quam  prior,  tantundem  motus  esse  in  minore  qukm  in  majore, 
ac  quanto  motus  unius  partis  lentior  fit,  tanto  motum  alicujus 
alterius  ipsi  sequalis  fieri  celeriorem.  Intelligimus  etiam  per- 
fectionem  esse  in  Deo,  non  soliim  quod  in  se  ipso  sit  immu- 
tabilis,  sed  etiam  quod  modo  quflm  maxime  constauti  et  immu- 
tabili  operetur  :  Adeo  ut  iis  mutationibus  exceptis,  quas  evidens 
experientia,  vel  divina  revclatio  certas  reddit,  quasque  sine  uUa 
in  creatore  mutatione  fieri  percipimus,  aut  credimus,  nullas  alias 
in  ejus  operibus  supponere  debeamus,  ne  qua  inde  inconstantia 
in  ipso  arguatur.  Unde  sequitur  quam  maxime  rationi  esse 
consentaneum,  ut  putcmus  ex  hoc  solo,  quod  Deus  diversimode 
moverit  partes  materia^,  ciim  primiim  illas  creavit,  jamquetotam 
istam  materiam  conservet,  eodeni  plane  modo,  eademque  ratione 
qua  priiis  creavit,  eum  etiam  tantundem  motus  in  ipsa  semper 
conservare/^ 

Descartes  therefore,  precisely  like  Colding,  bases  the  proof  of 
his  theorem  on  a  divine  attribute.  The  unsatisfactory  nature  of 
such  a  proof  is  manifest.  Are  we  not  equally  justified  in  assert- 
ing that  the  assumption  of  a  constant  quantity  of  motion  involves 
a  limitation  of  divine  power  ?  The  almightiness  of  God  must 
manifest  itself  by  actual  achievement,  new  motion  must  inces- 
santly be  created ;  therefore,  assuming  with  Descartes  the  inde- 
structibility of  that  which  exists,  the  quantity  of  motion  must 
increase. 

Every  attempt  to  deduce  a  natural  law  from  an  a  priori  con- 
ceived attribute  of  God  must  inevitably  be  utterly  fruitless. 

Leibnitz  was  the  first  to  publish,  in  its  proper  form,  the  general 
theorem  of  the  conservation  of  vis  viva,  and  to  demonstrate 
the  same  by  empirically  ascertained  and  rationally  established 
theorems.  He  at  once  opposes  Descartes's  views,  and  introduces 
the  important  conception  of  vis  viva.  All  this  will  be  found  in 
his  article  in  the  Acta  Eruditorum,  Lips.  1686,  entitled  :  "  Brevis 
demonstratio  erroris  memorabilis  Cartesii  et  aliorum  circa  legem 
naturae,  secundum  quam  volunt  a  Deo  eandem  semper  quantita- 
tem  motus  conservari,  qua  et  in  re  mechanica  abutuntur.^^ 

In  the  warm  discussion  which  arose,  Leibnitz  argued  that  the 
assumption  of  the  incorrectness  of  his  views  involved  the  neces- 
sity, or  at  least  the  possibility  of  a  perpetual  motion ;  which  lat- 
ter he  urged  is  manifestly  absurd.  Colding  employs  the  same 
argument ;  and  Helmholtz,  in  1847,  in  his  well-known  work  '  On 
the  Conservation  of  Force,^  attributes  great  importance  to  this 
theorem  concerning  the  absurdity  of  perpetual  motion. 
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John  Bernoulli,  however,  gave  the  clearest  exposition  of  the 
principle  of  the  conservation  of  vis  viva,  as  will  be  admitted  after 
a  perusal  of  his  correspondence  with  Leibnitz  ( Vivu7-um  eel.  G. 
C.  Leibnilii  et  Joh.  Bernoulli  comrnercium  phil.  et  math.),  of 
his  "Discours  sur  les  lois  de  la  communication  du  mouvemcnt^^ 
[Opera  omnia,  tom.  iii.  p.  1),  and  especially  of  his  memoir  entitled 
"  I)e  vera  notione  virium  vivarum  carumque  usu  in  dynamicis  " 
[Opera  omnia,  tom,  iii.  p.  239). 

Allow  me  to  draw  your  particular  attention  to  the  following 
two  passages  of  the  last-named  memoir  : — 

"§  III.  Hinc  patet  vim  vivam  [quse  ajitius  voc2ivet\ir  facultas 
agendi,  Gallice  le  pouvoi?-^  esse  aliquid  reale  et  substantiale,  quod 
per  se  subsistit,  et  quantum  in  se  est,  non  dcpendet  ab  alio.  Undo 
concludimus,  quamlibct  vim  vivam  habere  suam  determinatam 
quantitatem,  de  qua  nihil  perire  potest,  quod  non  in  effectu 
cdito  reperiatur.  Hinc  sponte  fluit,  vim  vivam  semper  conservari ; 
adeo  ut  qua;  ante  actionem  residebat  in  uno  pluiibusve  corpo- 
ribus,  nunc  post  actionem  reperiatur  ncccssario  in  alio,  vcl  aliis 
pluribus  corporibus,  nisi  quid  in  prioribus  remanserit.  Atquc 
hoc  est,  quod  vocamus  conservalionem  virium  vivarum." 

One  fact  of  peculiar  interest  is  John  Bernoulli's  assertion  that 
the  vis  viva  which  apparently  disappears — that  is  to  say,  the  vis 
viva  which  is  not  employed  in  external  work  such  as  the  raising 
of  a  weight — may  be  consumed  in  molecular  work.  The  follow- 
ing extract  from  §  9  of  the  above  memoir  will  establish  this 
point. 

"  Si  cor})ora  non  sunt  perfecte  elastica,  aliqua  pars  virium 
vivarum,  qu?e  pcriisse  videtur,  consumitur  in  compressione  cor- 
porum,  quando  perfecte  se  non  restituunt ;  a  quo  autem  nunc 
abstrahimus,  concipientes,  compressionem  illam  esse  similem 
compressioni  elastri,  quod  post  tensionem  factam  impediretur  ab 
aliquo  retinaculo,  quo  minus  se  rursus  dilatare  posset,  et  sic  non 
redderet,  sed  in  se  retineret  vim  vivam,  quam  a  corpore  incur- 
rente  accepisset;  unde  nihil  virium  periret,  etsi  periisse  videretur." 
The  conversion  of  vis  viva  into  heat,  or  at  least  the  possibility  of 
such  a  conversion,  was  first  asserted  byAugustin  Fresnel.  The 
French  translation  of  Thomson's  'Chemistry'  contains  an  ap- 
pendix "  On  Light "  from  Frcsnel's  pen,  wherein  he  says  : — 

"  C'est  un  principe  general  du  mouvement  des  iluides  elas- 
tiques,  que,  de  quelque  fajon  que  I'ebranlement  s'etende  ou  se 
subdivise,  la  somme  totale  des  forces  vives  rcste  constante.  Et 
voih\  principalement  ])Ourquoi  la  force  vive  doit  etre  eonsideree 
comme  la  mesure  de  la  lumiere,  dont  la  quantite  totale  restc 
toujours  a  tres  pen  pres  la  meme,tant  qu'elle  ne  traverse  du  nioins 
que  des  milieux  tres  transparens.  Les  corps  noirs  et  meme  les 
surfaces  metalliques  les  plus  brillantes  ne  reflechissent  pas  ;\ 
Phil.  Mag.  S.  4.  Vol.  28.  No.  189.  Oct.  18G4.  Y 
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beaucoup  pres  la  totalite  de  la  lumiere  qui  tombe  sur  leur  surface  j 
les  corps  imparfaitement  transparens,  et  meme  les  plus  diaphanes, 
quand  ils  soiit  assez  epais,  absorbent  aussi  (pour  me  servir  de 
I'expression  usitee)  une  quantite  notable  de  la  lumiere  incidente ; 
mais  il  n'en  faut  pas  conclure  que  le  principe  de  la  conservation 
des  forces  vives,  n^est  plus  applicable  a  ces  pbenomenes;  il 
resulte  au  contraire  de  I'idee  la  plus  probable  qu'on  puisse  se 
faire  sur  la  constitution  mecanique  des  corps,  que  la  somme  des 
forces  vives  doit  toujours  rester  la  meme  (tant  que  les  forces 
acceleratrices  qui  tendent  a  ramener  les  molecules  h  leurs  posi- 
tions d'equilibre  n'ont  pas  change  d^intensite),  et  que  la  quantite 
de  forces  vives  qui  disparalt  comme  lumiere  est  reproduite  en 
chaleur." 

Should  you  consider  the  contents  of  this  letter  suitable  for 
the  pages  of  the  Philosophical  INIagazine,  1  should  feel  honoured 
by  its  publication  in  that  journal. 

Giessen,  August  14,  1864, 
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June  IG,  1801. — INIajor-General  Sabine,  President,  in  the  Chair. 

I^HE  following  communication  was  read : — 
.     "  On  the  Properties  of  Silicic  Acid  and  other  analogous  Col- 
loidal Substances."     By  Thomas  Graham,    F.R.S.,  Master  of  the 
Mint. 

The  prevalent  notions  respecting  solubility  have  been  derived  chiefly 
from  observations  on  crystalline  salts,  and  are  very  imperfectly  appli- 
cable to  the  class  of  colloidal  substances.  Hydrated  silicic  acid,  for 
instance,  when  in  the  soluble  condition,  is  properly  speaking  a  liquid 
body,  like  alcohol,  miscible  with  water  in  all  proportions.  We  have 
no  degrees  of  solubility  to  speak  of  with  respect  to  silicic  acid,  like 
the  degrees  of  solubility  of  a  salt,  unless  it  be  with  reference  to  silicic 
acid  in  the  gelatinous  condition,  which  is  usually  looked  upon  as  des- 
titute of  solubility.  The  jelly  of  silicic  acid  may  be  more  or  less 
rich  in  combined  water,  as  it  is  first  prepared,  and  it  appears  to  be 
soluble  in  proportion  to  the  extent  of  its  hydration.  A  jelly  contain- 
ing 1  per  cent,  of  silicic  acid,  gives  with  cold  water  a  solution  con- 
taining about  1  of  silicic  acid  in  .5000  water ;  a  jelly  containing  5 
per  cent,  of  silicic  acid,  gives  a  solution  containing  about  ]  part  of 
acid  in  10,000  water.  A  less  hydrated  jelly  than  the  last  mentioned 
is  still  less  soluble  ;  and  finally,  when  the  jelly  is  rendered  anhydrous 
it  gives  gummy-looking  white  masses,  which  appear  to  be  absolutely 
insoluble,  like  the  light  dusty  silicic  acid  obtained  by  drying  a  jelly 
charged  with  salts,  in  the  ordinary  analysis  of  a  silicate. 


Prof.  Graham  on  the  Properties  of  Silicic  Acidic.  315 

The  liquidity  of  silicic  acid  is  only  effected  by  a  change  which  is  per- 
manent (namely,  coagulation  or  pectization),  by  which  the  acid  is  con- 
verted into  the  gelatinous  or  pectons  form,  and  loses  its  miscibility 
with  water.  The  liquidity  is  permanent  in  proportion  to  the  degree 
of  dilution  of  silicic  acid,  and  appears  to  be  favoured  by  a  low  tem- 
perature. It  is  opposed,  on  the  contrary,  by  concentration,  and  by 
elevation  of  temperature.  A  liquid  silicic  acid  of  10  or  12  per  cent, 
pectizes  spontaneously  in  a  few  hours  at  the  ordinary  temperature,  and 
immediately  when  heated.  A  liquid  of  5  per  cent,  maybe  preserved 
for  five  or  six  days ;  a  liquid  of  2  per  cent,  for  two  or  three  months ; 
and  a  liquid  of  I  per  cent,  has  not  pectized  after  two  years.  Dilute 
solutions  of  O'l  per  cent,  or  less  are  no  doubt  practically  unalter- 
able by  time,  and  hence  the  possibility  of  soluble  silicic  acid  ex- 
isting in  nature.  I  may  add,  however,  that  no  solution,  weak  or 
strong,  of  silicic  acid  in  water  has  shown  any  disposition  to  deposit 
crystals,  but  always  appears  on  drying  as  a  colloidal  glassy  hyalite. 
The  formation  of  quartz  crystals  at  a  low  temperature,  of  so  frequent 
occurrence  in  nature,  remains  still  a  mystery.  I  can  only  imagine 
that  such  crystals  are  formed  at  an  inconceivably  slow  rate,  and  from 
solutions  of  silicic  acid  which  are  extremely  dilute.  Dilution  no 
doubt  weakens  the  colloidal  character  of  substances,  and  may  there- 
fore allow  their  crystallizing  tendency  to  gain  ground  and  develope 
itself,  particularly  where  the  crystal  once  formed  is  completely  inso- 
luble, as  with  quartz. 

The  pectization  of  liquid  silicic  acid  is  expedited  by  contact  with 
solid  matter  in  the  form  of  powder.  By  contact  with  pounded  gra- 
phite, which  is  chemically  inactive,  the  pectization  of  a  5  per  cent, 
silicic  acid  is  brought  about  in  an  hour  or  two,  and  that  of  a  2  per 
cent,  silicic  acid  in  two  days.  A  rise  of  temperature  of  l°'l  C.  was 
observed  during  the  formation  of  the  5  per  cent,  jelly. 

The  ultimate  pectization  of  silicic  acid  is  preceded  by  a  gradual 
thickening  in  the  liquid  itself.  The  flow  of  liquid  colloids  through  a 
capillary  tube  is  always  slow  compared  with  the  flow  of  crystalloid 
solutions,  so  that  a  liquid-transpiration-tube  may  be  employed  as  a 
colloidoscope.  With  a  colloidal  liquid  alterable  in  viscosity,  such  as 
silicic  acid,  the  increased  resistance  to  passage  through  the  colloi- 
doscope is  obvious  from  day  to  day.  Just  before  gelatinizing,  silicic 
acid  flows  like  an  oil. 

A  dominating  quality  of  colloids  is  the  tendency  of  their  particles 
to  adhere,  aggregate,  and  contract.  This  idio-attraction  is  obvious  in 
the  gradual  tbickening  of  the  liquid,  and  when  it  advances  leads  to 
pectization.  In  the  jelly  itself,  the  specific  contraction  in  question, 
or  syncEresis,  still  proceeds,  causing  separation  of  water,  with  the  divi- 
sion into  a  clot  and  serum  ;  and  ending  in  the  production  of  a 
hard  stony  mass,  of  vitreous  structure,  which  may  be  anhydrous,  or 
nearly  so,  when  the  water  is  allowed  to  escape  by  evaporation.  The 
intense  synaeresis  of  isinglass  dried  in  a  glass  dish  over  sulphuric 
acid  in  vacuo,  enables  the'contracting  gelatine  to  tear  up  the  surface 
of  the  glass.  Glass  itself  is  a  colloid,  and  the  adhesion  of  colloid  to 
colloid  appears  to  be  more  powerful  than  that  of  colloid  to  crystalloid 

Y2 
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The  gelatine,  when  dried  In  the  manner  described  upon  plates  of  calc- 
spar  and  mica,  did  not  adhere  to  the  crystalline  surface,  but  detached 
itself  on  drying.  Polished  plates  of  glass  must  not  be  left  in  con- 
tact, as  is  well  known,  owing  to  the  risk  of  permanent  adhesion 
between  their  surfaces.  The  adhesion  of  broken  masses  of  glacial 
phosphoric  acid  to  each  other  is  an  old  illustration  of  colloidal 
synaeresls. 

Bearing  in  mind  that  the  colloidal  phasis  of  matter  is  the  result 
of  a  peculiar  attraction  and  aggregation  of  molecules,  properties 
never  entirely  absent  from  matter  but  greatly  more  developed  in 
some  substances  than  in  others,  it  is  not  surprising  that  colloidal 
characters  spread  on  both  sides  into  the  liquid  and  solid  condi- 
tions. These  characters  appear  in  the  viscidity  of  licjuids,  and 
in  the  softness  and  adhesiveness  of  certain  crystalline  substances. 
Metaphosphate  of  sod.a,  after  fusion  I)y  heat,  is  a  true  glass  or  col- 
loid ;  but  when  this  glass  is  maintained  for  a  few  minutes  at  a  tem- 
peratiu'e  some  degrees  under  its  point  of  fusion,  the  glass  assumes 
a  crystalline  structure  without  losing  its  transparency.  Notwith- 
Siunding  this  change,  the  low  diffusibility  of  the  salt  is  preserved, 
with  other  characters  of  a  colloid.  Water  in  the  form  of  ice  has 
already  been  represented  as  a  similaf  intermediate  form,  both  col- 
loid aiul  crystalline,  and  in  the  first  character  adhesive  and  capable 
of  reunion  or  "  regelation." 

It  is  unnecessary  to  return  here  to  the  fact  of  the  ready  pectiza- 
tion  of  liquid  silicic  acid  by  alkaline  salts,  including  some  of  very 
sparing  solubility,  such  as  carbonate  of  lime,  beyond  stating  that  the 
])rcsence  of  carbonate  of  lime  in  water  was  observed  to  be  incompa- 
tible with  the  coexistence  of  soluble  silicic  acid,  till  the  proportion 
of  the  latter  was  reduced  to  nearly  1  in  10,000  water. 

Certain  liquid  substances  differ  from  the  salts  in  exercising  little 
or  no  poetizing  influence  upon  liquid  silicic  acid.  But,  on  the  other 
hand,  none  of  the  liquids  now  referred  to  appear  to  conduce  to  the 
preservation  of  the  fluidity  of  the  colloid,  at  least  not  more  than  the 
addition  of  water  would  do.  Among  these  inactive  diluents  of  silicic 
acid  are  found  hydrochloric,  nitric,  acetic,  and  tartaric  acids,  syrup 
of  sugar,  glycerine,  and  alcohol.  But  all  the  liquid  substances  named, 
and  many  others,  appear  to  possess  an  important  relation  to  sihcic 
acid,  of  a  very  different  nature  from  the  pectizing  action  of  salts. 
They  are  capable  of  displacing  the  combined  water  of  the  silicic  acid 
hydrate,  whether  that  hydrate  is  in  the  liquid  or  gelatinous  condition, 
and  give  new  substitution-products. 

A  liquid  compound  of  alcohol  and  silicic  acid  is  obtained  by  adding 
alcohol  to  aqueous  silicic  acid,  and  then  employing  proper  means  to 
withdraw  the  water  from  the  mixture.  For  that  purpose  the  mixture 
contained  in  a  cup  may  be  placed  over  dry  carbonate  of  potash  or 
quicklime,  within  the  receiver  of  an  air-pump.  Or  a  dialyzing  bag 
of  parchment-paper  containing  the  mixed  alcohol  and  silicic  acid 
may  be  suspended  in  a  jar  of  alcohol  :  the  water  diffuses  away, 
leaving  in  the  bag  a  liquid  composed  of  alcohol  and  silicic  acid  only. 
A  point  to  be  attended  to  is,  that  the  silicic  acid  should  never  be 
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allowed  to  form  more  than  1  per  cent,  of  the  alcohoUc  solution, 
otherwise  it  may  gelatinize  during  the  experiment.  If  I  may  be 
allowed  to  distinguish  the  liquid  and  gelatinous  hydrates  of  silicic 
acid  by  the  irregularly  formed  terms  of  hydrosol  and  hydrogel  of  silicic 
acid,  the  two  corresponding  alcoholic  bodies  now  introduced  may  be 
named  the  alcosol  and  alcogel  of  silicic  acid. 

The  alcosol  of  silicic  acid,  containing  1  per  cent,  of  the  latter,  is  a 
colourless  liquid,  not  precipitated  by  water  or  salts,  nor  hy  contact 
with  insoluble  powders,  probably  from  the  small  proportion  of  silicic 
acid  present  in  solution.  It  may  be  boiled  and  evaporated  without 
change,  but  is  gelatinized  by  a  slight  concentration.  The  alcohol  is 
retained  less  strongly  in  the  alcosol  of  silicic  acid  than  water  is  in  the 
hydrosol,  but  with  the  same  varying  force,  a  small  portion  of  the 
alcohol  being  held  so  strongly  as  to  char  when  the  resulting  jelly  is 
rapidly  distilled  at  a  high  temperature.  Not  a  trace  of  silicic  ether 
is  found  in  any  compound  of  this  class.  The  jelly  burns  readily  in 
the  air,  leaving  the  whole  silicic  acid  in  the  form  of  a  white  ash. 

The  alcogel,  or  solid  compound,  is  readily  prepared  by  placing 
masses  of  gelatinous  silicic  acid,  containing  8  or  10  per  cent,  of  the 
dry  acid,  in  absolute  alcohol,  and  changing  the  latter  repeatedly  till 
the  water  of  the  hydrogel  is  fully  replaced  by  alcohol.  The  alcogel 
is  generally  slightly  opalescent,  and  is  similar  in  aspect  to  the  hydrogel, 
preserving  very  nearly  its  original  bulk.  The  following  is  the  com- 
])osition  of  an  alcogel  carefully  prepared  from  a  hydrogel  which  con- 
tained 9'35  per  cent,  of  silicic  acid  : — 

Alcohol 88-13 

Water    0-23 

Silicic  acid    1 1  "64 

100-00 

Placed  in  water,  the  alcogel  is  gradually  decomposed — alcohol  diffu- 
sing out  and  water  entering  instead,  so  that  a  hydrogel  is  reproduced. 

Further,  the  alcogel  may  be  made  the  starting-point  in  the  forma- 
tion of  a  great  variety  of  other  substitution  jellies  of  analogous  con- 
stitution, the  only  condition  required  appearing  to  be  that  the  nevv 
liquid  and  alcohol  should  be  intermiscible,  that  is,  interdiffusible 
bodies.  Compounds  of  ether,  benzole,  and  bisulphide  of  carbon 
have  thus  been  produced.  Again,  from  etheroyel  another  series  of 
silicic  acid  jellies  may  be  derived,  containing  fluids  soluble  in  ether, 
such  as  the  fixed  oils. 

The  preparation  of  the  glycerine  compound  of  silicic  acid  is  faci- 
litated by  the  comparative  fixity  of  that  liqviid.  When  hydrated 
silicic  acid  is  first  steeped  in  glycerine,  and  then  boiled  in  the  same 
liquid,  water  distils  over,  without  any  change  in  the  appearance  of 
the  jelly,  except  that  when  formerly  opalescent  it  becomes  now  entirely 
colourless,  and  ceases  to  be  visible  when  covered  by  the  liquid.  But 
a  portion  of  the  silicic  acid  is  dissolved,  and  a  ylycerosol  is  produced 
at  the  same  time  as  the  glycerine  jelly.  A  glycerogel  prepared  from 
a  hydrate  containing  9*35  per  cent,  of  silicic  acid,  was  found  by  a 
combustion  analysis  to  be  composed  of 
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Glycerine 87"44 

Water  378 

Silicic  acid   8*95 

100-17 

The  glycerogel  has  somewhat  less  bulk  than  the  original  hydrogcl. 
"When  a  glycerine  jelly  is  distilled  by  heat,  it  does  not  fuse,  but  the 
whole  of  the  glycerine  comes  over,  with  a  slight  amount  of  decom- 
position towards  the  end  of  the  process. 

The  compound  of  sulphuric  acid,  sidphagel,  is  also  interesting  from 
the  facility  of  its  formation,  and  the  complete  manner  in  which  the 
water  of  the  original  hydrogel  is  removed.  A  mass  of  hydrated 
silicic  acid  may  be  preserved  unbroken  if  it  is  first  placed  in  sulphu- 
ric acid  diluted  with  two  or  three  volumes  of  water,  and  then  trans- 
ferred gradually  to  stronger  acids,  till  at  last  it  is  placed  in  concen* 
trated  oil  of  vitriol.  The  sulphagel  sinks  in  the  latter  fluid,  and  may 
be  distilled  with  an  excess  of  it  for  hours  without  losing  its  transpa- 
rency or  gelatinous  character.  It  is  always  somewhat  less  in  bulk 
than  the  primary  hydrogel,  but  not  more,  to  the  eye,  than  one-fifth 
or  one-sixth  part  of  the  original  volume.  This  sulphagel  is  transparent 
and  colourless.  When  a  sulphagel  is  heated  strongly  in  an  open  ves- 
sel, the  last  portions  of  the  monohydrated  sulphuric  acid  in  combi- 
nation are  found  to  require  a  higher  temperature  for  their  expulsion 
than  the  boiling-j)oint  of  the  acid.  The  whole  silicic  acid  remains 
behind,  forming  a  white,  opaque,  porous  mass,  like  pumice.  A  sul- 
phagel placed  in  water  is  soon  decomposed,  and  the  original  hydrogel 
reproduced.  No  permanent  compound  of  sulphuric  and  silicic  acids, 
of  the  nature  of  a  salt,  ajjpears  to  be  formed  in  any  circumstances. 
A  sulphagel  placed  in  alcoliol  givca  ultimately  a  pure  alcogel.  Similar 
jellies  of  silicic  acid  may  readily  be  formed  with  the  monohydrates  of 
nitric,  acetic,  and  formic  acids,  and  are  all  perfectly  transparent. 

The  production  of  the  compounds  of  silicic  acid  now  described 
indicates  the  possession  of  a  wider  mnge  of  affinity  by  a  colloid  than 
could  well  be  anticipated.  The  organic  colloids  are  no  doubt  in- 
vested with  similar  wide  powers  of  combination,  which  may  become 
of  interest  to  the  physiologist.  The  capacity  of  a  mass  of  gelatinous 
silicic  acid  to  assume  alcohol,  or  even  oleine,  in  the  place  of  water  of 
combination,  without  disintegration  or  alteration  of  form,  may  per- 
haps aiford  a  clue  to  the  penetration  of  the  albuminous  matter  of  mem- 
brane by  fatty  and  other  insoluble  bodies,  which  seems  to  occur  in 
the  digestion  of  food.  Still  more  remarkable  and  suggestive  are 
the  fluid  compounds  of  silicic  acid.  The  fluid  alcohol-compound 
favours  the  possibility  of  the  existence  of  a  compound  of  the  colloid 
albumen  with  oleine,  soluble  also  and  capable  of  circulating  vrith  the 
blood. 

The  feebleness  of  the  force  which  holds  together  two  substances 
belonging  to  different  physical  classes,  one  being  a  colloid  and  the 
other  a  crystalloid,  is  a  subject  deserving  notice.  ^When  such  a  com- 
pound is  placed  in  a  fluid,  the  superior  diffusive  energy  of  the  crystal- 
loid may  cause  its  separation  from  the  colloid.     Thus,  of  hydrated 
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silicic  acid,  the  combined  water  (a  crystalloid)  leaves  the  acid  (a  col- 
loid) to  diffuse  into  alcohol ;  and  if  the  alcohol  be  repeatedly- 
changed,  the  entire  water  is  thus  removed,  alcohol  (another  crystal- 
loid) at  the  same  time  taking  the  place  of  water  in  combination  with 
the  silicic  acid.  The  liquid  in  excess  (here  the  alcohol)  gains  entire 
possession  of  the  silicic  acid.  The  process  is  reversed  if  an  alcogel 
be  placed  in  a  considerable  volume  of  water.  Then  alcohol  separates 
from  combination,  in  consequence  of  the  opportunity  it  possesses  to 
diffuse  into  water  ;  and  water,  which  is  now  the  liquid  present  in 
excess,  recovers  possession  of  the  silicic  acid.  Such  changes  illus- 
trate the  predominating  influence  of  mass. 

Even  the  compounds  of  silicic  acid  with  alkalies  yield  to  the  decom- 
posing force  of  diffusion.  The  compound  of  silicic  acid  with  1  or  2 
per  cent,  of  soda  is  a  colloidal  solution,  and,  when  placed  in  a  dialyzer 
over  water  in  vacuo  to  exclude  carbonic  acid,  suffers  gradual  decom- 
position. The  soda  diffuses  off  slowly  in  the  caustic  state,  and  gives 
the  usual  brown  oxide  of  silver  when  tested  with  the  nitrate  of  that 
base. 

The  pectization  of  liquid  silicic  acid  and  many  other  liquid  col- 
loids is  effected  by  contact  with  minute  quantities  of  salts  in  a  way 
which  is  not  understood.  On  the  other  hand,  the  gelatinous  acid 
may  again  be  liquefied  and  have  its  energy  restored  by  contact  with 
a  very  moderate  amount  of  alkali.  The  latter  change  is  gradual,  1 
part  of  caustic  soda,  dissolved  in  10,000  water,  liquefying  200  parts 
of  silicic  acid  (estimated  dry)  in  GO  minutes  at  100°  C.  Gelati- 
nous stannic  acid  also  is  easily  liquefied  by  a  small  proportion  of 
alkali,  even  at  the  ordinary  temperature.  The  alkali,  too,  after 
liquefying  the  gelatinous  colloid,  may  be  separated  again  from  it  by 
diffusion  into  water  upon  a  dialyzer.  The  solution  of  these  colloids, 
in  such  circumstances,  may  be  looked  upon  as  analogous  to  the  solu- 
tion of  insoluble  organic  colloids  witnessed  in  animal  digestion,  with 
the  difference  that  the  solvent  fluid  here  is  not  acid  but  alkaline. 
Liquid  silicic  acid  may  be  represented  as  the  "peptone"  of  gelati- 
nous silicic  acid  ;  and  the  liquefaction  of  the  latter  by  a  trace  of  alkali 
may  be  spoken  of  as  the  peptization  of  the  jelly.  The  pure  jellies  of 
alumina,  peroxide  of  iron,  and  titanic  acid,  prepared  by  dialysis,  are 
assimilated  more  closely  to  albumen,  being  peptized  by  minute  quan- 
tities of  hydrochloric  acid. 

Liquid  Stannic  and  Metastannic  Acids. — Liquid  stannic  acid  is 
prepared  by  dialyzing  the  bichloride  of  tin  with  an  addition  of  alkali, 
or  by  dialyzing  the  stannate  of  soda  with  an  addition  of  hydrochloric 
acid.  In  both  cases  a  jelly  is  first  formed  on  the  dialyzer  ;  but,  as  the 
salts  diffuse  away,  the  jelly  is  again  peptized  by  the  small  proportion 
of  free  alkali  remaining  :  the  alkali  itself  may  be  removed  by  con- 
tinued diffusion,  a  drop  or  two  of  the  tincture  of  iodine  facilitating 
the  separation.  The  liquid  stannic  acid  is  converted  on  heating  it 
into  liquid  metastannic  acid.  Both  liquid  acids  are  remarkable  for 
the  facility  with  which  they  are  pectized  by  a  minute  addition  of 
hydrochloric  acid,  as  well  as  by  salts. 

Liquid  Titanic  Acid  is  prepared  by  dissolving  gelatinous  titanic  acid 
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in  a  small  quantity  of  hydrochloric  acid,  without  heat,  and  placing 
the  liquid  upon  a  dialyzer  for  several  days.  The  liquid  must  not 
contain  more  than  1  per  cent,  of  titanic  acid,  otherwise  it  sponta- 
neously gelatinizes,  hut  it  appears  more  stable  when  dilute.  Both 
titanic  and  the  two  stannic  acids  afford  the  same  classes  of  com- 
pounds with  alcohol  &c.  as  are  obtained  with  silicic  acid. 

Liquid  Tiaiffsdc  Acid. — The  obscurity  which  has  so  long  hung 
over  tungstic  acid  is  removed  by  a  dialytic  examination.  It  is  in 
fact  a  remarkable  colloid,  of  which  the  pectous  form  alone  has 
hitherto  been  known.  Liquid  tungstic  acid  is  prej)ared  by  adding 
dilute  hydrochloric  acidcarefuUy  to  a  5  per  cent,  solution  of  tung- 
statc  of  soda,  in  sufficient  proportion  to  neutralize'the  alkali,  and  then 
placing  the  resulting  liquid  on  a  dialyser.  In  about  three  days  the 
acid  is  found  pure,  with  the  loss  of  about  20  per  cent.,  the  salts 
having  diffused  entirely  away.  It  is  remarkable  that  the  p?^r?/?p</ 
acid  is  not  pcctized  by  acids  or  salts  even  at  the  boiling  tempe- 
ratin-e.  Evaporated  to  dryness,  it  forms  vitreous  scales,  like  gum 
or  gelatine,  which  sometimes  adhere  so  strongly  to  the  surface  of 
the  evaporating  dish  as  to  detach  portions  of  it.  It  may  be  heated 
to  200°  C.  without  losing  its  solubility  or  ])assing  into  the  peetous 
state,  but  at  a  temperature  near  rcdiress  it  undergoes  a  molecular 
change,  losing  at  the  same  time  2'-42  ])er  cent,  of  water.  When  water 
is  added  to  unchanged  tungstic  acid,  it  becomes  pasty  and  adhesive 
like  gum  ;  and  it  forms  a  liquid  with  about  one-fourth  its  weight  of 
water,  which  is  so  dense  as  to  float  glass.  The  solution  effervesces 
with  carbonate  of  soda,  and  tungstic  acid  is  evidently  associated 
with  silicic  and  molybdic  acids.  The  taste  of  tungstic  acid  dissolved 
in  water  is  not  metallic  or  acid,  but  rather  bitter  and  astringent. 
Solutions  of  tungstic  acid  containing  .^),  20,  50,  66'^,  and  79'S  per 
rent,  of  dry  acid,  j)0sscss  the  following  densities  at  19°,  1'047.'', 
1-2108,  1-SOOl,  2-3!K),  and  3-243.  Evaporated  in  vacuo  liquid 
tungstic  acid  is  colourless,  but  becomes  green  in  air  from  the  deoxi- 
dating action  of  organic  matter.  Liquid  silicic  acid  is  protected 
from  pectizing  when  mixed  with  tungstic  acid,  a  circumstance  pro- 
bably connected  with  the  formation  of  the  double  compounds  of  these 
acids  which  M.  INIarignac  has  lately  described. 

Molybdic  Acid  has  hitherto  been  known  (like  tungstic  acid)  only 
in  the  insoluble  form.  Crystallized  molybdate  of  soda  dissolved  in 
water  is  decomposed  by  the  gradual  addition  of  hydrochloric  acid 
in  excess  without  any  immediate  precipitation.  The  acid  liquid  thrown 
upon  a  dialyzer  may  gelatinize  after  a  fe.v  hours,  but  again  liquefies 
spontaneously,  when  the  salts  diffuse  away.  After  a  diffusion  of 
three  days,  about  60  per  cent,  of  the  molybdic  acid  remains  behind 
in  a  pure  condition.  The  solution  of  pure  molybdic  acid  is  yellow, 
astringent  to  the  taste,  acid  to  test-paper,  and  possesses  much  stabi- 
lity. The  acid  may  be  dried  at  100°,  and  then  heated  to  200° 
without  losing  its  solubility.  Soluble  molybdic  acid  has  the  same 
gummy  aspect  as  soluble  tungstic  acid,  and  deliquesces  slightly  when 
exposed  to  damp  air.  Both  acids  lose  their  colloidality  when  digested 
with  soda  for  a  short  time,  and  give  a  variety  of  crystallizable  salts. 
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June  22,  1864.— W.  J.  Hamilton,  Esq.,  President, 
in  the  Chair. 

1 .  "  On  the  Fossiliferous  Rocks  of  Forfarshire  and  their  contents." 
By  James  Powrie,  Esq.,  F.G.S. 

Referring  to  his  former  paper  for  a  detailed  description  of  the 
lower  memhers  of  the  F'orfarshire  Old  Red  Sandstone,  the  autlior 
now  gave  a  general  slcetch  of  the  relations  of  the  several  beds, 
and  then  descriptions  of  the  species  of  Crustacea  and  Fish  oc- 
curring in  tliem.  The  latter  belong  to  five  genera,  two  of  which 
(Ischnacant/ius  and  EntlutcantJms)  are  new.  After  discussing  the 
nature  of  Parka  decipiciis,  and  sliortly  noticing  the  genera  of  Crus- 
tacea that  occur  in  the  same  rocks,  Mr.  Powrie  concluded  liis  i)aper 
with  a  short  synopsis  of  the  distribution  of  the  memljers  of  tlie  Old 
Red  Sandstone  in  Forfarshire,  and  a  discussion  respecting  tlie  sub- 
division of  that  formation,  in  which  he  stated  that  Pten/cjotus,  Parka 
declpietis,  and  Ccphalaspis  are  always  associated  in  the  same  beds, 
and  extend  through  all  the  fossilifcrous  rocks  of  Forfarshire,  instead 
of  the  latter  characterizing  a  higher  horizon  than  the  others. 

2.  "  On  the  Rcptiliferous  Rocks  and  Foot-print  Strata  of  the 
North-east  of  Scotlcind."  By  Prof.  R.  Harkness,  F.R.SS.  L.  &  E., 
F.G.S. 

The  author  showed  that  the  foot-print  sandstones  of  Ross- shire 
constitute  the  upjier  portion  of  the  Old  Red  Sandstone  formation, 
and  that  the  strata  embraced  in  a  line  of  section  from  the  Nigg  to 
("ambus  Shandwick,  from  above  the  Gneiss  to  the  foot-print  sand- 
stones of  Tarbet  Ness  inclusive,  are  conformable  throughout,  and 
are  referable  to  each  of  the  three  divisions  of  the  Old  Red  Sand- 
stone,— namely,  the  conglomerates  and  yellow  sandstones  (of  a  thick- 
ness of  1500  feet)  belonging  to  the  Lower  Old  Red  Sandstone;  the 
grey  flaggy  sandstones  and  shales  of  Geanies — the  equivalent  of 
the  Caithness  flags — containing  Osteolepis,  Coccostevs,  and  Acan- 
thodcs,  and  thus  referable  to  the  Middle  Old  Red ;  thirdly,  conform- 
able strata,  consisting  of  conglomerates  and  foot-bearing  and  other 
sandstones  appertaining  to  the  higher  members  of  the  system. 
The  foot-bearing  sandstones  have  a  thickness  of  400  feet,  and  re- 
present the  reptiliferous  sandstones  of  the  Elgin  area,  though  not 
overlain  by  Cornstones  as  in  that  district. 

The  author,  in  conclusion,  remarked  that  though  Stagonolepis  is 
decidedly  Teleosam-ian  in  its  affinities,  it  does  not  consequently 
mark  a  Mesozoic  group  of  rocks ;  for  Mastodontosamicc,  which 
abound  in  the  Trias,  occur  in  the  Coal-measures  ;  and  stratigraphical 
evidence  shows  us  that  Teleosaurian  crocodiles  have  a  wider  geo- 
logical range,  since  they  are  met  with  in  the  Old  Red  Sandstone. 

3.  "  On  some  Bone-  and  Cave-deposits  of  the  Reindeer-period  in 
the  South  of  France."     By  John  Evans,  Esq.,  F.R.S.,  F.G.S. 

The  deposits  to  which  the  author  particularly  called  attention  in 
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this  paper  are  those  which  have  been,  and  are  still  being  explored 
under  the  direction  of  MM.  Lartet  and  Christy,  and  which  were 
visited  by  him  under  the  guidance  of  the  latter  gentleman  and  ac- 
companied by  Mr.  Hamilton,  Prof.  Rupert  Jones,  Capt.  Galton, 
Mr.  Lubbock,  and  Mr.  Franks. 

Mr.  Evans  first  gave  a  detailed  description  of  the  physical  features 
of  the  valley  of  the  Vezere,  and  of  the  contents  of  the  caverns  of 
Badegoule,  Le  Moustier,  La  Madelaine,  Laugerie-Haute,  Laugerie- 
Basse,  the  Gorge  d'Enfer,  and  Les  Eyzies,  giving  a  list  of  the 
animal-remains  discovered,  which  are  for  the  most  part  of  the  same 
species  from  all  the  caverns. 

The  author  then  discussed  the  antiquity  of  the  deposits  according 
to  four  methods  of  inquiry, — namely,  from  geological  considerations 
with  regard  to  the  character  and  position  of  the  caves ;  from  the 
palseontological  evidence  of  the  remains  found  in  them ;  from  the 
archaeological  character  of  the  objects  of  human  workmanship  ;  and 
from  a  comparison  with  similar  deposits  in  neighbouring  districts  in 
France ;  and  he  came  to  the  conclusion  that  they  belonged  to  a 
period  subsequent  to  that  of  the  Elephas  jrrhnigenius  and  Rhinoceros 
tichorhinus,  but  characterized  by  the  presence  of  the  Reindeer  and 
some  other  animals  now  extinct  in  that  part  of  Europe. 

4.  "  On  the  Carboniferous  Rocks  of  the  Donetz  and  the  Granite- 
gravel  of  St.  Petersburg."  By  Prof.  J.  Helmersen.  (In  a  letter 
to  Sir  R.  L  Murchison,  K.C.B.,  F.R.S.,  F.G.S.,  &c.) 

This  letter  relates  (1)  to  the  discovery  in  the  Donetz  Mountains 
of  additional  beds  of  coal  and  of  iron-ore  ;  (2)  to  the  proposed  use 
of  this  coal  for  steam-purposes  on  the  Volga;  (3)  to  two  geological 
expeditions  to  be  sent  out  in  1864  for  the  purpose  of  surveying  the 
Permian  basin  of  Russia ;  and  lastly,  to  the  successful  completion 
of  an  Artesian  boring  at  St.  Petersburg,  in  this  well  the  following 
beds  were  passed  through  : — Alluvium,  88  ft. ;  Silurian  clay,  300ft. ; 
sandstone,  137  ft. ;  bed  of  gravel,  the  result  of  the  degradation  of 
granite. 

5.  "  On  a  supposed  Deposit  of  Boulder-clay  in  North  Devon." 
By  George  Maw,  Esq.,  F.G.S.,  F.L.S. 

A  deposit  of  brown  clay  which  occurs  near  Fremington,  in  North 
Devon,  and  has  been  worked  for  several  years,  was  described  by  the 
author  in  this  paper,  and  referred  by  him  to  the  Boulder-clay  forma- 
tion. The  smallest  amount  of  subsidence  necessary  for  the  deposi- 
tion of  this  clay  at  its  present  highest  level  would  place  a  large  area 
of  Devonshire  under  water. 

Mr.  Maw  considered  the  raised  beach  at  Croyd  as  being  a  much 
more  recent  deposit  than  the  gravel  just  described;  and  in  con- 
nexion M'ith  the  question  of  the  former  submergence  of  Devonshire 
during  the  glacial  period,  he  discussed  the  relation  of  the  latter  to  a 
deposit  of  granite-drift  gravel  at  Petrochstow,  concluding  that  it 
could  only  have  been  transported  thither  during  the  submergence  of 
the  high  ridges  which  intersect  at  right  angles  the  country  between 
the  two  deposits. 
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6.  "  On  the  former  existence  of  Glaciers  in  the  High  Grounds  of 
the  South  of  Scotland."     By  J.  Young,  M.D.,  F.R.S.E. 

The  heights  bordering  the  counties  of  Peebles  and  Dumfries  are 
stated  by  the  author  to  contain  well-preserved  remains  of  a  group  of 
Glaciers  belonging  to  a  later  period  than  the  Boulder-clay,  and 
some  of  which  have  been  already  alluded  to  by  Mr.  Geikie  and  Mr. 
Chambers.  Dr.  Young  then  describes  the  physical  geography  of 
the  region,  grouping  the  several  hills  into  three  ranges — the  Broad 
Law  Range,  the  White  Coomb  Range,  and  Hartfell — from  which 
certain  glaciers  formerly  descended  into  the  valleys  ;  and  he  further 
divides  the  glaciers  into  two  classes,  which  he  terms  respectively 
the  "  Social"  and  the  "  Solitary."  The  author  then  describes  the 
form  and  extension  of  the  masses  of  detritus  which  he  considers  to 
be  glacial  debris,  contrasting  their  characters  with  those  of  the 
patches  of  Boulder-clay  occurring  in  the  neighbourhood. 

Many  indications  of  glaciers  are/  shown  to  be  much  obscured  by 
the  prevalence  of  peat  in  the  district ;  but,  in  addition  to  the  mo- 
raine matter,  smoothed  surfaces  and  roches  moutotmees  are  occa- 
sionally seen. 

7.  "  On  the  Formation  and  Preservation  of  Lakes  by  Ice-action." 
By  Thomas  Belt,  Esq. 

During  a  residence  of  two  years  in  the  province  of  Nova  Scotia, 
the  author  observed  the  remarkable  number  of  lakes,  great  and 
small,  occurring  there,  sometimes  in  connected  chains  and  some- 
times on  the  sides  and  tops  of  hills.  The  lake-basins  are  stated  to 
be  chiefly  in  extremely  hard  quartzites  and  metamorphosed  schists, 
irregularly  studded  with  masses  of  Boulder-clay,  beneath  which  are 
seen  scratches,  grooves,  &c.,  that  have  been  produced  by  ice-action. 
The  author  then  describes  all  the  phenomena  in  detail,  and  gives  a 
resume  of  the  theory  of  their  glacial  origin,  as  propounded  by  Pro- 
fessor Ramsay,  coming  to  the  conclusion  that  in  this  way  only  can 
the  facts  be  consistently  explained. 

8.  "A  Sketch  of  the  Principal  Geological  Features  of  Hobart, 
Tasmania."     By  S.  H.  Wintle,  Esq. 

The  hills  upon  which  Hobart  is  built,  as  well  as  those  in  the 
vicinity,  are  mostly  composed  of  New  (?)  Red  Sandstone,  capped 
with  Greenstone  of  variable  composition  and  of  great  thickness  in 
some  places. 

The  Carboniferous  Limestone (.'')  is  stated  to  be  very  extensively 
developed  throughout  the  island,  and  to  be  very  fossiliferous ;  the 
author  describes  its  lithological  characters,  as  well  as  those  of  the 
Devonian  rocks  and  the  Silurian  slates  of  Mount  Wellington,  which 
last  have,  as  yet,  proved  unfossiliferous ;  but  he  states  that  Mr. 
Gould  has  found  a  Calymene  Blumenhachii  in  similar  rocks  iia  the 
interior.  He  then,  after  describing  the  Coal-formation  of  the  island, 
and  remarking  upon  the  anthracitic  nature  of  the  coal,  passes  on  to 
the  "  Boulder  Drift  (?),"  which  consists  of  immense  boulders,  prin- 
cipally of  felspathic  trap  and  greenstone,  imbedded  in  stiff  clay  in 
some  parts,  and  in  loam  in  others.     The  boulders  are  also  associated 


324  Intelligence  and  Miscellaneous  Articles. 

■with  fragments  of  New  Red   Sandstone   and   nodular    masses  of 
Dolomite. 

The  author  concludes  by  describing  the  mode  of  occurrence,  in 
the  valley  of  the  Derwent,  of  a  marine  deposit  which  he  considers  of 
Postpliocene  age,  and  which  is  found  at  an  elevation  of  upwards  of 
100  ft.  above  the  sea-level,  and  at  a  distance  of  from  .50  to  100 
yards  from  the  water's  edge — thus  showing  that  the  valley  of  the 
Derwent  and  the  neighbouring  country  had  been  recently  upheaved. 


XXXVIII.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  EBULLITION  OF  WATER,  AND  ON  THE  EXPLOSION  OP 
STEAM-liOILERS.       BY  M.  L.  DUFOUR. 

GASES,  it  is  known,  tend  eminently  to  promote  the  vaporization 
of  liquids  with  which  they  are  in  contact.  But  the  superficial 
gaseous  layer  which  adheres  to  solids,  acting  at  first  like  gases 
themselves,  is  gradually  removed  by  prolonged  and  successive  heat- 
ing. When  the  solid  surfaces  are  dejnivcd  of  it,  they  no  longer  by 
their  contact  excite  changes  of  condition,  but  become  indifferent  in 
the  li(|uid. 

What  confirms  this  view  is  the  circumstance  that,  by  maintain- 
ing or  producing  on  the  surface  of  bodies  a  gaseous  layer,  ebullition 
of  a  liquid  is  immediately  ])roduccd  if  the  temperature  is  suitable, 
and  any  retardation  of  ebullition  is  avoided.  Tiie  following  experi- 
ment realizes  these  conditions.  Two  platinum  wires,  communica- 
ting with  the  outside,  pass  through  a  cork  in  which  a  thermometer 
fits,  and  dip  in  water.  'I'hey  are  connected  Avith  the  two  poles  of  a 
galvanic  element,  and  a  slight  disengagement  of  gas,  due  to  electro- 
lysis, takes  place  on  their  surface.  Under  these  circumstances,  and 
so  long  as  the  current  passes,  it  is  impossible  to  obtain  the  least 
retardation  of  boiling.  If  these  wires  cease  to  be  connected  with  a 
battery,  after  some  successive  heatings  and  by  diminishing  the  super- 
ficial pressure,  retardations  are  produced  similar  to  those  mentioned 
above.  If  the  current  is  then  made  to  pass,  ebullition  is  imme- 
diately produced.  If  the  retardation  is  considerable  (from  15  to  20 
degrees),  closing  the  circuit  produces  so  abundant  a  production  of 
vapour  as  to  resemble  a  true  explosion.  The  va})our  appears  to 
break  away  with  an  effort  from  the  liquid  mass,  and  the  vessel  experi- 
ences concussions  almost  strong  enough  to  break  it.  This  experiment, 
which  has  frequently  succeeded  in  iny  hands  with  ordinary  water,  is 
more  striking  in  the  case  of  slightly  acidulated  water,  for  then  the 
retardations  are  more  pronounced. 

It  is  therefore,  I  think,  a  property  of  water  to  tend  in  most  cases 
to  retain  the  liquid  state,  even  when  ebullition  ought  to  take  place, 
provided  the  boiling-point  has  been  reached  by  a  diminution  of  the 
superficial  pressure  after  the  liquid  has  been  already  heated,  and  after 
it  has  been  in  contact  for  some  time  with  the  solid  substances  of  the 
vessel.  This  property  is  perhaps  not  without  interest  in  its  applica- 
tion to  the  explosions  of  steam-boilers.  This  formidable  phenome- 
non is  still  enveloped  in  much  obscurity.     Various  attempts  have 
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been  made  to  explain  it ;  among  others,  by  saying  that  in  a  perfect 
calm,  while  the  issue  of  vapour  is  suspended,  everything  being  mo- 
tionless in  the  apparatus,  and  all  the  dissolved  air  expelled,  the  water 
may  accidentally  become  heated  beyond  the  point  corresponding  to 
its  pressure,  and  then  if  ebullition  sets  in,  it  suddenly  furnishes  a 
mass  of  vapour  which  breaks  the  envelopes.  But  the  embarrassing 
circumstance,  and  the  one  found  in  most  cases,  is  that  the  accident 
takes  place  without  the  heating  having  been  continued,  while  the 
workmen  and  the  machine  were  at  rest,  and  when,  from  cooling,  the 
])ressure  in  the  machine  had  diminished.  These  conditions,  almost 
always  mentioned  with  surprise  in  these  accidents,  exhibit  an  un- 
doubted analogy  with  the  experiments  which  I  have  described.  Is 
it  not  possible  that  at  a  moment  of  repose,  and  while  the  heating  has 
been  discontinued,  the  cooling  which  sets  in  at  first  diminishes  the 
])ressure  of  vapour  existing  in  the  boiler  ?  As  water,  in  virtue  of  its 
great  specific  heat,  cools  very  slowly,  it  retains  for  a  longer  time  a 
temjierature  which  ought  to  produce  ebullition  under  this  diminished 
jiressure.  This  ebullition  doubtless  takes  place  most  frequently  in 
l)roportion  as  the  diminution  of  pressure  permits  ;  but  it  may  happen 
that,  under  exceptional  circumstances,  a  retardation  similar  to  that 
described  above  is  produced,  and  then  after  a  longer  or  shorter  delay 
ebullition  sets  in,  either  spontaneously,  or  in  consequence  of  some 
foreign  disturbance.  This  ebullition  ought  to  manifest  the  charac- 
ters many  times  observed  in  my  ap])aratus,  where  the  concussions 
raised  the  heavy  support  to  which  the  retort  was  fixed.  From  the 
large  quantity  of  water  contained  in  a  boiler,  these  strokes  might 
well  cause  a  fracture  of  the  sides,  and  the  disastrous  effects  of  this 
kind  of  accidents. 

The  explanation  which  I  attempt  to  give  accounts,  it  is  seen,  for  a 
boiler-explosion,  even  when  heating  has  ceased,  when  all  the  machine 
is  in  a  state  of  cooling,  and  the  pressure  has  been  diminished.  Com- 
paring the  details  ordinarily  noted  in  this  kind  of  explosion  with  the 
conditions  of  the  experiment  above  mentioned,  it  is  impossible  not 
to  observe  a  striking  analogy,  if  the  hints  above  given  are  correct ; 
and  it  would  remain  to  find  out  the  means  of  jjreventing  these  de- 
plorable accidents.  No  solid  body  by  its  contact  seemed  to  me  to 
determine  ebullition  with  certainty  at  the  desired  point ;  and  all  of 
them  at  length  and  by  repeated  heating  become  inactive.  Contact 
of  gases,  on  the  contrary,  invariably  provokes  ebullition  as  soon  as 
the  temperature  makes  it  possible.  Hence,  as  M.  Donny  has  already 
said,  it  is  desirable  permanently  to  produce  gases  in  the  interior  of 
the  boiler.  "Wires  or  platinum  plates  which  dip  in  the  water,  and 
by  which  enters  the  current  of  even  a  feeble  batterj%  would  very 
probably  be  sufficient  to  prevent  retardations  of  ebullition. 

P.S. — Since  writing'this  Note,  I  have  read  {Cosmos,  April  7,  1864) 
of  a  fact  which  agrees  very  well  with  this  proposed  theory  of  the 
explosion  of  boilers. 

This  is  the  explosion  at  Aberdare,  where  two  boilers  burst.  The 
water  supplied  appeared  to  contain  a  little  sulphuric  acid.  Some 
pieces  of  the  sides  presented  by  Mr.  Fairbairn  to  the  Manchester 


326 


Intelligence  and  Miscellaneous  Articles. 


Philosophical  Society  were  deejjly  corroded  from  chemical  action. 
The  explosion  has  naturally  been  attributed  to  this  attack  of  the 
sides  by  the  acid,  and  doubtless  an  acidulated  liquid  ought  to  attack 
the  sides. 

Now  we  know  that  sulphuric  acid,  even  in  very  small  quantity, 
imparts  to  water  the  property  of  undergoing  retardations  of  ebullition 
much  more  considerable  and  much  more  frequent  than  those  of  pure 
water.  If,  then,  boiler  explosions  arise  from  a  retardation  in  the 
ebullition  of  water  when  the  pressure  diminishes  in  the  boiler,  as  I 
explain  in  my  Note,  it  is  seen  that  the  two  accidents  in  England  are 
easily  explained,  inasmuch  as  the  feeding  water  contained  a  little 
acid. — Comptes  Rendus,  June  6,  1864. 

APPLICATION  OF  ZEIODELITE. 
Zeiodeliteh  a  mixture  prepared  by  melting  together  20  to  30  parts 
of  roll  sulphur  with  "24  parts  of  powdered  glass  or  pumice,  and  which 
forms  a  mass  as  hard  as  stone,  that  resists  the  action  of  water  and 
of  the  strongest  acids.  Prof.  R.  J3ottger  recommends  it,  therefore, 
for  making  water-  and  air-tight  cells  for  galvanic  batteries. — Pog- 
gendorff's  Annalen,  July  1864. 

DETERMINATIONS  OF  TEMPERATURE  IN  THE  DEPTH  OF  SOME 
BAVARIAN  MOUNTAIN  LAKES. 

In  the  Sitzungsberichte  of  the  Royal  Bavarian  Academy  of  1862, 
Prof.  Jolly  describes  a  bathometer  and  arainiraum  thermometer  of  his 
invention,  and  gives  some  observations  of  the  temperature  at  various 
depths  in  the  Konigssee,  the  Obersee,  and  the  Walchensee,  which 
may  find  a  place  here. 
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metres. 
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0 

0             c 
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0 
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6-58 
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0 
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58-3 
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5-44 

976 

6  07 

204-1 

5-52 

98-6 

612 

216-5 

5-34 

107-0 

5-91 

248-8 
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Hence  in  these  lakes  (as  in  those  of  Switzerland)  the  temperature 
approaches,  without  actually  attaining,  that  of  the  maximum  density 
of  water  (from  inadequate  depth),  and  without  following  any  regular 
progress  in  its  decrease. — Poggendorff's  Annalen,  August  1864. 
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ON  THE  METEORITE  OF  ALBARETO  IN  THE   MODENESE. 
BY  DR.  W.  HAIDINGER*. 

This  meteorite,  and  the  pamphlet  by  the  Jesuit  Dominico  Troili 
describing  it,  have  been  mentioned  by  Chladni  (1798  and  1819),  by 
Ende  (1804),  and  by  Sir  D.  Brewster  (Edinburgh  Journal  of  Science, 
1819).  Chladni,  whose  careful  inquiries  at  Modena  in  1819  could 
not  make  out  any  trace  of  this  stone,  thought  it  definitively  lost.  But 
lately  a  specimen  of  it  was  found  to  exist  in  the  University  Museum 
of  Modena  ;  and  of  this,  Dr.  Homes,  kindly  assisted  by  Messrs. 
Greg,  Senoner,  Bianconi,  and  Bombici,  obtained  for  the  Imperial 
Museum  of  Vienna  a  fragment  of  13'31  grammes  in  weight.  It  is 
tufaceous  in  aspect,  dark  grey,  with  numerous  globular  concretions — 
some  greenish  grey  (as  the  Piddingtonite  of  Skalka,  or  the  Chladnite 
of  Bishopville),  others  dark  grey  or  black,  one  of  them  consjncuous 
for  its  less  density,  yellowish-grey  tint,  dark-brown  crust,  and  atoms 
of  native  iron  disseminated  through  it.  The  particles  of  native  and 
protosulphuretted  iron  irregularly  distributed  through  the  whole  mass 
are  sometimes  discernible  to  the  unaided  eye  ;  in  one  place  two 
brownish-black  globules  are  united  by  metallic  iron  in  such  a  way 
as  to  allow  us  to  suppose  the  group  to  be  a  fragment  of  a  larger 
piece  of  native  iron  including  globules  of  silicates,  like  the  Hima- 
layan iron.  The  globules  are  easily  detached  from  the  surrounding 
mass.  The  outer  surface,  offering  the  impressions  common  to  all 
meteorites,  is  covered,  on  a  surface  of  about  25  square  lines,  with  a 
blackish-brown,  nearly  opake  crust.  In  general  aspect  the  Albareto 
meteorite  stands  next  to  those  of  Benares,  Trenzano,  and  Weston. 
Its  density,  at  15°  R.,  is  3'344.  The  sulphuretted  iron  of  the  me- 
teorites, generally  passing  under  the  denomination  of  magnetic  iron- 
pyrites,  is,  according  to  Prof.  Rammelsberg,  a  mechanical  compound 
of  protosulphuretted  iron  (75*37  percent.),  sulphuretted  copper  (0*71 
per  cent.),  chromate  of  iron  (2*83  per  cent.),  and  nickeliferous  iron 
(19*83  per  cent.),  of  4*787  density,  yellowish  brown,  soluble  in  acids 
without  residuous  sulphur,  and  magnetic  in  consequence  of  the 
nickel  contained  in  it.  The  sulphuretted  iron,  in  its  state  of  purity, 
as  it  occurs  in  the  Garnallee  meteorite,  in  grains  of  the  size  of  a  pea, 
is,  according  to  Prof.  Wohler,  a  combination  of  1  atom  of  iron  with 
1  atom  of  sulphur  (Fe  S  or  iron  63*64,  sulphur  36*36).  For  this 
sulphuret,  hitherto  not  known  to  exist  among  the  minerals  compo- 
sing the  terre^-trial  crust.  Dr.  Haidinger  proposes  the  denomination 
of  Troilite  (commemorative  of  the  first  describer  of  the  Albareto 
meteorite),  and  the  following  mineralogical  characters : — amor- 
phous, in  minute  particles,  disseminated  through  the  lithoid  sub- 
stance of  meteorites,  metallic  brightness,  bronze-brown,  streak 
black,  hardness  4,  density  4*5-4*6;  chemical  formula,  Fe  S.  Ac- 
cording to  Troili's  pamphlet  (Modena,  1766),  the  meteorite  in  ques- 
tion may  have  originally  had  a  weight  of  about  25  lbs.  It  fell  in 
the  middle  of  July  1766,  5''  p.m.,  the  sky  being  serene,  but  covered 
westward  with  heavy  clouds,  with  frequent  thunder  and  lightuing. 
Witnesses  assert  its  fall  to  have  been  preceded  by  a  sound  resem- 

*  Communicated  by  Count  Marschall. 
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bling  a  cannonade  and  the  hissing  of  a  cannon-ball  through  the  air ; 
some  describe  it  as  having  been  in  a  state  of  incandescence,  while 
others  saw  it  dark  and  smoking.  It  penetrated  into  the  ground  to  the 
depth  of  less  than  a  "  bracoio  "  (about  2^  Vienna  feet),  and  was  dug 
out  still  hot,  spreading  a  sulphurous  smcJl,  and  covered  with  a  crust. 
Troili,  although  quite  uncertain  as  to  the  nature  of  the  phenomenon, 
which  he  ascribes  to  a  subterraneous  commotion  having  thrown  the 
stone  into  the  air,  whence  it  fell  again  to  the  ground,  was  evidently 
highly  anxious  to  state  its  reality  and  every  circumstance  con- 
cerning it.  This,  at  a  time  when  the  scepticism  about  these  ])he- 
nomena  was  such  that  anyone  who  asserted  their  reality  could 
only  expect  incredulity  and  even  ridicule,  gave  a  most  meritorious 
proof  of  moral  courage.  Supposing  the  Albareto  meteorite  to  have 
fallen  to  the  ground  in  a  nearly  vertical  direction,  and  to  have  come 
from  the  west  (us  did  the  sounds  preceding  its  fall),  its  point  of  de- 
parture may  be  traced  to  the  constellation  of  Leo,  well  known  to  be 
the  point  from  which  the  falling  stars  of  the  November  epoch  pro- 
ceed. Its  trajectory  may  have  been  a  segment  of  the  elliptical 
orbit  of  a  whole  swarm  of  bodies  moving  within  the  sphere  of  terres- 
trial attraction  on  the  branch  of  a  hyperbolic  orbit  through  cosmical 
space.  Dr.  Haidinger  on  this  occasion  recalled  to  mind  his  hypo- 
thesis on  the  cause  of  the  high  temi)erature  in  meteoric  masses — pass- 
ing through  the  terrestrial  atmosphere  and  generating  heat  by  rapid 
compression,  in  the  same  way  as  in  Prof.  Mallet's  experiment,  suc- 
cessfully rej)eated  before  the  Academy  of  Paris  in  1803.  Of  late 
years  (1840-57)  the  experimental  researches  of  Messrs.  Bianconi, 
Thomson,  Joule,  and  Tyndall  have  shown  that  the  temperature  of  a 
thin  string  of  water  rapidly  forced  through  a  narrow  sj)iral  tube 
rises  from  1°  F.  to  4^^  F.,  that  a  solid  body  surrounded  by  a  rapid 
air-current  was  more  heated  than  the  ambient  air,  and  that,  if  the 
rapidity  of  the  air-current  be  brought  to  1780  feet  in  a  second,  this 
difference  of  temperature  may  be  raised  to  137°.  Even  in  an  atmo- 
sphere rarefied  to  the  utmost  limits,  any  solid  progressing  within  it  at 
the  rate  of  meteorites  (6-30 miles  a  second)  would  come  to  a  far  higher 
temperature,  still  increased  by  the  transformation  of  active  forces 
(light,  electricity,  magnetism,  he.)  into  heat,  in  consequence  of  the 
resistance  opposed  to  the  rapid  career  of  such  a  body.  Prof.  Bunsen, 
in  a  note  on  the  Meteoric  Iron  of  Atacama  (Leonhard  and  Bronn's 
Jahrbuch,  1857,  p.  265),  calculated  the  loss  of  active  force  during 
the  fall  of  a  solid  coming  into  the  terrestrial  atmosphere  with  a  pla- 
netary celerity  to  be  sufficient  to  heat  it  to  1 ,000,000°  C.  Supposing 
iVoV  of  this  heat  to  be  lost  in  the  ambient  medium,  such  a  body 
would  still  touch  the  ground  with  a  temperature  of  2000°  C. 

What  Dr.  Haidinger  has  done  for  meteorites,  Prof.  Tyndall  has 
ascertained  for  hailstones — the  existence  of  a  facial  plane  with  inci- 
pient fusion  in  consequence  of  the  condensation  of  the  air,  and  of  a  dor- 
sal one,  on  which  the  rarefaction  of  the  air  has  caused  the  congelation 
of  atmospheric*water.  Similar  circumstances  have  been  observed  by 
Prof.  Goth,  on  hailstones  fallen  at  Gratz  in  the  summer  of  1846 
(Wiener  Naturwissenschaftliche  Ahhandlungen,  published  by  Haidin- 
ger, vol.  i.  p.  91). — Imp.  Acad.  Sc.  Vienna,  March  27,  1864. 
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XXXIX.   On  Luminous  and  Obscure  Radiation. 
By  John  Tyndall,  F.R.S.,  ^r.* 

1.  O IR  WILLIAM  HERSCHEL  discovered  the  obscure  rays 
^  of  the  sun,  and  proved  that  the  position  of  maximum 
heat  was  beyond  the  red  of  the  solar  spectrum f.  Forty  years 
subsequently  Sir  John  Herschel  succeeded  in  obtaining  a  thermo- 
graph of  the  calorific  spectrum,  and  in  giving  striking  visible  evi- 
dence of  its  extension  beyond  the  red  J.  Melloni  proved  that  an 
exceedingly  large  proportion  of  the  emission  from  a  flame  of  oil, 
of  alcohol,  and  from  incandescent  platinum  heated  by  a  flame  of 
alcohol,  is  obscure  §.  Dr.  Akin  inferred  from  the  paucity  of  lumi- 
nous rays  evident  to  the  eye,  and  a  like  paucity  of  extra-viole.t  rays, 
as  proved  by  the  experiments  of  Dr.  Miller,  that  the  radiation 
from  a  flame  of  hydrogen  must  be  mainly  extra-red  ;  and  he  con- 
cluded from  this  that  the  glowing  of  a  platinum  wire  in  a  hy- 
drogen-flame, as  also  the  brightness  of  the  Drummond  light  in 
the  oxyhydrogen-flame,  was  produced  by  a  change  in  the  period 
of  vibration  ||.  By  a  diff^erent  mode  of  reasoning  I  arrived  at  the 
same  conclusion  myself,  and  published  the  conclusion  subse- 
quently^. 

2.  A  direct  experimental  demonstration  of  the  character  of  the 
radiation  from  a  hydrogen-flame  was,  however,  wanting,  and  this 
want  I  have  sought  to  supply.  I  had  constructed  for  me,  by 
Mr.  Becker,  a  complete  rock-salt  train  of  a  size  sufficient  to 

*  Communicated  by  the  Author. 

t  Phil.  Trans.  1800. 

X  Phil.  Trans.  1840.  I  hope  very  soon  to  be  able  to  turn  my  attention 
to  the  remarkable  results  described  in  Note  III.  of  Sir  J.  Herschel's  paper. 

§  La  Thermochrose,  p.  304.  H  Phil.  Trans,  vol.  cliv.  p.  327. 

II  Reports  of  the  British  Association,  1863. 
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permit  of  its  being  substituted  for  the  ordinary  glass  train  of  a 
Duboscq's  electric  lamp.  A  double  rock-salt  lens  placed  in  the 
camera  rendered  the  rays  parallel ;  the  parallel  rays  then  passed 
through  a  slit,  and  a  second  rock-salt  lens  placed  without  the 
camera  produced,  at  an  appropriate  distance,  an  image  of  this 
slit.  Behind  this  lens  was  })laccd  a  rock-salt  prism,  while  late- 
rally stood  a  thermo-electric  pile  intended  to  examine  the  spec- 
trum produced  by  the  prism.  Within  the  camera  of  the  electric 
lamp  was  placed  a  burner  with  a  single  aperture,  so  that  the 
flame  issuing  from  it  occupied  the  ])osition  usually  taken  up  by 
the  coal  points.  This  burner  was  connected  wdth  a  T-piece, 
from  which  two  pieces  of  india-rubber  tubing  were  carried,  the  one 
to  a  large  hydrogen-holder,  the  other  to  the  gas-pipe  of  the  labo- 
ratory. It  was  thus  in  my  power  to  have,  at  will,  either  the  gas- 
flame  or  the  hydrogen-flame.  When  the  former  was  employed, 
I  had  a  visible  spectrum,  which  enabled  me  to  fix  the  thermo- 
electric pile  in  its  proper  position.  To  obtain  the  hydrogen- 
flame,  it  was  only  necessary  to  turn  on  the  hydrogen  until  it 
reached  the  gas-flame  and  was  ignited ;  then  to  turn  off"  the  gas 
and  leave  the  hydrogen-flame  behind.  In  this  way,  indeed,  the 
one  flame  could  be  substituted  for  the  other  without  opening  the 
door  of  the  camera,  or  producing  any  change  in  the  positions  of 
the  source,  the  lenses,  the  prism,  and  the  pile. 

3.  The  thermo-electric  pile  employed  is  a  beautiful  instrument 
constructed  by  Ruhmkorfl".  It  belongs  to  my  friend  Mr.  Gassiot, 
and  consists  of  a  single  row  of  elements  properly  mounted  and 
attached  to  a  double  brass  screen.  It  has  in  front  two  silvered 
edges,  which,  by  means  of  a  screw,  can  be  caused  to  close  upon 
the  pile  so  as  to  render  its  face  as  narrow  as  desirable,  reducing 
it  to  the  width  of  the  finest  hair,  or,  indeed,  shutting  it  off 
altogether.  By  means  of  a  small  handle  and  long  screw,  the 
plate  of  brass  and  the  pile  attached  to  it  can  be  moved  gently  to 
and  fro,  and  thus  the  vertical  slit  of  the  pile  can  be  caused  to 
traverse  the  entire  spectrum,  or  to  pass  beyond  it  in  both  direc- 
tions. The  width  of  the  spectrum  was  in  each  case  equal  to  the 
length  of  the  face  of  the  pile,  which  was  connected  with  an  ex- 
tremely delicate  galvanometer. 

4.  I  began  with  a  luminous  gas-flame.  The  spectrum  being 
cast  upon  the  brass  screen  (which,  to  render  the  colours  more 
visible,  was  covered  with  tinfoil),  the  pile  was  gradually  moved 
in  the  direction  from  blue  to  red,  until  the  deflection  of  the  gal- 
vanometer became  a  maximum.  To  reach  this  it  was  necessary 
to  pass  entirely  through  the  spectrum  and  a  little  way  beyond 
the  red ;  the  deflection  then  observed  was 

30°. 
When  the  ])ile  was  moved  in  either  direction  from  this  position, 
the  deflection  diminished. 
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5.  The  hydrogen-flame  was  now  substituted  for  the  gas-flame ; 
the  visible  spectrum  disappeared,  and  the  deflection  fell  to 

12°. 
Hence,  as  regards  rays  of  this  particular  refrangibility,  the  emis- 
sion from  the  luminous  gas-flame  was  two-and-a-half  times  that 
from  the  hydrogen-flame. 

6.  The  pile  was  now  moved  to  and  fro,  and  the  movement  in 
both  directions  was  accompanied  by  a  diminished  deflection. 
Twelve  degrees,  therefore,  was  the  maximum  deflection  for  the 
hydrogen-flame ;  and  the  position  of  the  pile,  determined  pre- 
viously by  means  of  the  luminous  flame,  proves  that  this  deflec- 
tion was  produced  by  extra-red  undulations.  1  moved  the  pile  a 
little  forwards,  so  as  to  reduce  the  deflection  from  12°  to  4°,  and 
then,  in  order  to  ascertain  the  refrangibility  of  the  rays  which 
produced  this  small  deflection,  I  relighted  the  gas.  The  recti- 
linear face  of  the  pile  was  found  invading  the  red.  When  the 
pile  was  caused  to  pass  successively  through  positions  correspond- 
ing to  the  various  colours  of  the  spectrum,  and  to  its  extra- violet 
rays,  no  measurable  deflection  was  produced  by  the  hydrogen- 
flame. 

7.  I  next  placed  the  pile  at  some  distance  from  the  invisible 
spectrum  of  the  flame  of  hydrogen,  and  felt  for  the  spectrum  by 
moving  the  pile  to  and  fro.  Having  found  it,  I  without  diffi- 
culty ascertained  the  place  of  maximum  heating.  Changing 
nothing  else,  I  substituted  the  luminous  flame  for  the  non-lumi- 
nous one ;  the  position  of  the  pile  when  thus  revealed,  was 
beyond  the  red. 

8.  It  is  thus  proved  that  the  radiation  from  a  hydrogen-flame 
is  sensibly  extra-red.  The  other  constituents  of  the  radiation 
are  so  feeble  as  to  be  thermally  insensible.  Hence,  when  a  body 
is  raised  to  incandescence  by  a  hydrogen-flame,  the  vibrating 
periods  of  its  atoms  must  be  shorter  than  those  to  which  the 
radiation  of  the  flame  itself  is  due. 

9.  The  falling  of  the  deflection  from  30°  to  12°  when  the  hy- 
drogen-flame was  substituted  for  the  gas-flame  is  doubtless  due 
to  the  absence  of  all  solid  matter  in  the  former.  We  may,  how- 
ever, introduce  such  matter,  and  thus  make  the  radiation  origi- 
nating in  the  hydrogen-flame  much  greater  than  that  of  the  gas- 
flame.  A  spiral  of  platinum  wire  plunged  in  the  former  gave  a 
maximum  deflection  of  59° 

at  a  time  when  the  maximum  deflection  of  the  gas-flame  was  only 

33°. 

10.  It  is  mainly  by  convection  that  the  hydrogen-flame  dis- 
perses its  heat :  though  its  temperature  is  higher,  its  sparsely- 
scattered  molecules  are  not  able  to  cope,  in  radiant  energy,  with 

Z2 
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the  solid  carbon  of  the  luminous  flame.  The  same  is  true  for 
the  flame  of  a  Bunsen's  burner;  the  moment  the  air  (which 
destroys  the  solid  carbon-particles)  mingles  with  the  gas-flame, 
the  radiation  falls  considerably.  Conversely,  a  gush  of  radiant 
heat  accompanies  the  shutting  out  of  the  air  which  deprives  the 
gas-flame  of  its  luminosity.  When,  therefore,  we  introduce  a 
platinum  wire  into  a  hydrogen-flame,  or  carbon-particles  into  a 
Bunsen's  flame,  we  obtain  not  only  waves  of  a  new  period,  but 
also  convert  a  large  portion  of  the  heat  of  convection  into  the 
heat  of  radiation. 

11.  The  action  was  still  very  sensible  when  the  distance  of  the 
pile  from  the  red  end  of  the  spectrum  on  the  one  side  was  as 
great  as  that  of  the  violet  rays  on  the  other,  the  heat-spectrum 
thus  proving  itself  to  be  at  least  as  long  as  the  light-spectrum. 

12.  Bunscn  and  Kirchhoff"  have  proved  that,  for  incandescent 
metallic  vapours,  the  ])eriod  of  vibration  is,  within  wide  limits, 
independent  of  temperature.  J\Iy  own  experiments  with  flames 
of  hydrogen  and  carbonic  oxide  as  sources,  and  with  cold  aqueous 
vapour  and  cold  carbonic  acid  as  absorbing  media,  point  to  the 
same  conclusion*.  But  in  solid  metals  augmented  temperature 
introduces  waves  of  shorter  periods  into  the  radiation.  It  may 
be  asked,  "  What  becomes  of  the  long  obscure  periods  when  we 
heighten  the  temperature  ?  Are  they  broken  up  or  changed  into 
shorter  ones,  or  do  they  maintain  themselves  side  by  side  with 
the  new  vibrations  ? ''  The  question  is  worth  an  experimental 
answer. 

13.  A  spiral  of  platinum  wire  suitably  supported  was  placed 
within  the  camera  of  the  electric  lamp  at  the  place  usually  occu- 
pied by  the  carbon  points.  This  spiral  was  connected  with  a 
voltaic  battery;  and  by  varying  the  resistance  to  the  current,  it 
was  possible  to  raise  the  spiral  gradually  from  a  state  of  darkness 
to  an  intense  white  heat.  Raising  it  to  a  white  heat  in  the  first 
instance,  the  rock-salt  train  was  placed  in  the  path  of  its  rays, 
and  a  brilliant  spectrum  was  obtained.  The  pile  was  then  moved 
into  the  region  of  obscure  rays  beyond  the  red  of  the  spectrum. 
Altering  nothing  but  the  strength  of  the  current,  the  spiral  was 
reduced  to  darkness,  and  lowered  in  temperature  till  the  deflec- 
tion of  the  galvanometer  fell  to  1°.  Our  question  is,  *'  What 
becomes  of  the  waves  which  produce  this  deflection  when  new 
ones  are  introduced  by  augmenting  the  temperature  of  the 
spiral  ?" 

14.  Causing  the  spiral  to  pass  from  this  state  of  darkness 
through  various  degrees  of  incandescence,  the  following  deflec- 
tions were  obtained :  — 

*  Phil.  Trans,  vol.  cliv.  p.  327. 
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Table  I. 

Appearance  of  spiral.         Deflection  by  obscure  rays. 

Dark 1 

Dark 6 

Faint  red 10-4 

Dull  red 12-5 

Red 180 

Full  red 27*0 

Bright  red 41-4 

Nearly  white 54"3 

Full  white 60-0 

15.  The  deflection  of  60°  here  obtained  is  equivalent  to  122 
of  the  first  degrees  of  the  galvanometer.  Hence  the  intensity  of 
the  obscure  rays  in  the  case  of  the  full  white  heat  is  122  times 
that  of  the  rays  of  the  same  refrangibility  emitted  by  the  dark 
spiral  used  at  the  commencement.  Or,  as  the  intensity  is  pro- 
portional to  the  square  of  the  amplitude,  the  height  of  the  sethe- 
real  waves  which  produced  the  last  deflection  was  eleven  times 
that  of  the  waves  which  produced  the  first.  The  wave-length,  of 
course,  remained  the  same  throughout. 

16.  The  expei'imental  answer,  therefore,  to  the  question  above 
proposed  is,  that  the  amplitude  of  the  old  waves  is  augmented 
by  the  same  accession  of  temperature  that  gives  birth  to  the  new 
ones.  The  ease  of  the  obscure  rays  is,  in  fact,  that  of  the  lumi- 
nous ones  (of  the  red  of  the  spectrum,  for  example),  which 
glow  with  augmented  intensity  as  the  temperature  of  the  radiant 
source  is  heightened. 

17.  In  my  last  memoir*  I  demonstrated  the  wonderful  trans- 
parency of  the  element  iodine  to  the  extra-i-ed  undulations.  A  per- 
fectly opake  solution  of  this  substance  was  obtained  by  dissolving 
it  in  bisulphide  of  carbon,  and  it  was  shown  in  the  memoir  referred 
to  that  a  quantity  of  iodine  sufiicient  to  quench  the  light  of  our 
most  brilliant  flames  transmitted  99  per  cent,  of  the  radiation 
from  a  flame  of  hydrogen. 

18.  Fifty  experiments  on  the  radiant  heat  of  a  hydrogen-flame, 
recently  executed,  make  the  transmission  of  its  rays,  through  a 
quantity  of  iodine  which  is  perfectly  opake  to  light, 

100  per  cent. 
To  the  radiation  from  a  hydrogen-flame  the  dissolved  iodine  is 
therefore,  according  to  these  experiments,  perfectly  transparent. 

19.  It  is  also  sensibly  transparent  to  the  radiation  from  solid 
bodies  heated  under  incandescence. 

20.  It  is  also  sensibly  transparent  to  the  obscure  rays  emitted 
by  luminous  bodies. 

*  Phil.  Trans,  vol.  eliv.  p.  327.  [This  memoir  will  appear  in  the  Decem- 
ber Number  of  the  Philosophical  Magazine.] 
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21.  To  the  mixed  radiation  which  issues  from  solid  bodies 
at  a  very  high  temperature,  the  pure  bisulphide  of  carbon  is  also 
eminently  transparent.  Hence,  as  the  bisulphide  of  carbon  in- 
terferes but  slightly  with  the  obscure  rays  issuing  from  a  highly 
luminous  source,  and  as  the  dissolved  iodine  seems  not  at  all  to 
interfere  with  them,  we  have  in  a  combination  of  both  substances 
a  means  of  almost  entirely  detaching  the  purely  thermal  rays 
from  the  luminous  ones. 

22.  If  vibrations  of  a  long  period,  established  when  the  radia- 
ting body  is  at  a  low  temperature,  maintain  themselves,  as 
indicated  in  paragraph  14,  side  by  side  with  the  new  periods 
which  augmented  temperature  introduces,  it  would  follow  that  a 
body  once  pervious  to  the  radiation  from  any  source  must  always 
remain  pervious  to  it.  We  cannot  so  alter  the  character  of  the 
radiation  that  a  body  once  in  any  measure  transparent  to  it 
shall  become  quite  opake  to  it.  AYe  may,  by  augmenting  the 
temperature,  diminish  the  percentage  of  the  total  radiation  trans- 
mitted by  the  body  ;  but  inasmuch  as  the  old  vibrations  have 
their  amplitudes  enlarged  by  the  very  accession  of  temperature 
which  produces  the  new  ones,  the  total  quantity  of  heat  of  any 
given  refrangibility  transmitted  by  the  body  must  increase  with 
increase  of  temperature. 

23.  This  conclusion  is  thus  experimentally  illustrated.  A  cell 
with  parallel  sides  of  polished  rock-salt  was  filled  with  the  solu- 
tion of  iodine,  and  placed  in  front  of  the  camera  within  w^hich 
was  the  platinum  spiral.  Behind  the  rock-salt  cell  was  placed 
an  ordinary  thermo-electric  pile,  to  receive  such  rays  as  had 
passed  through  the  solution.  The  rock-salt  lens  was  in  the 
camera  in  front,  but  a  small  sheaf  only  of  the  parallel  beam 
emergent  from  the  lamp  was  employed.  Commencing  at  a  very 
low  dark  heat,  the  temperature  was  gradually  augmented  to  full 
incandescence  with  the  following  results  : — 

Table  II. 
Appearance  of  spiral.  Deflection. 

Dark 1 

Dark  but  hotter      ....  3 

Dark  but  still  hotter  ...  5 

Dark  but  still  hotter  ...  10 

Feeble  red 19 

Dull  red 25 

Ked 35 

Full  red 45 

Bright  red 53 

Very  bright  red      ....  63 

Nearly  white 69 

White 75 

Intense  white 80 
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24.  To  the  luminous  rays  from  the  intensely  white  spiral  the 
solution  was  perfectly  opalce ;  but  though  by  the  introduction 
of  such  rays  the  transmission,  as  expressed  in  parts  of  the  total 
radiation,  was  diminished,  the  quantity  absolutely  transmitted 
was  enormously  increased.  The  value  of  the  last  deflection  is 
440  times  that  of  the  first ;  by  raising  therefore  the  platinum 
spiral  from  darkness  to  whiteness,  we  augment  the  intensity  of 
the  obscure  rays  which  it  emits  in  the  ratio  of  1  :  440. 

25.  A  rock-salt  cell  filled  with  the  transparent  bisulphide  of 
carbon  was  placed  in  front  of  the  camera  which  contained  the 
platinum  spiral  raised  to  a  dazzling  white  heat.  The  trans- 
parent liquid  was  then  drawn  off  and  its  place  supplied  by  the 
solution  of  iodine.  The  deflections  observed  in  the  respective 
cases  are  as  follows  : — 

Radiation  from  White-hot  Platinum. 
Through  transparent  CS-.         Through  opake  solution. 

73°9  73-0 

73-8  72-9 

All  the  luminous  rays  passed  through  the  transparent  bisulphide, 
none  of  them  passed  through  the  solution  of  iodine.  Still  we 
see  what  a  small  difference  is  produced  by  their  withdrawal. 
The  actual  proportion  of  luminous  to  obscure,  as  calculated  from 
the  above  observations,  may  be  thus  expressed : — 

26.  Dividing  the  radiation  from  a  platinum  wire  raised  to  a 
dazzling  whiteness  by  an  electric  current  into  twenty-four  equal 
parts,  one  of  these  parts  is  luminous  and  twenty-three  obscure. 

27.  A  bright  gas-flame  was  substituted  for  the  platinum 
spiral,  the  top  and  bottom  of  the  flame  were  shut  off,  and  its 
most  brilliant  portion  chosen  as  the  source  of  rays.  The  result 
of  forty  experiments  with  this  source  may  be  thus  expressed  :— 

28.  Dividing  the  radiation  from  the  most  brilliant  portion  of 
a  flame  oj  coal-gas  into  twenty-five  equal  parts,  one  of  those  parts 
is  luminous  and  twenty-four  obscure. 

29.  I  next  examined  the  ratio  of  obscure  to  luminous  rays  in 
the  electric  light.  A  battery  of  fifty  cells  was  employed,  and 
the  rock-salt  lens  was  used  to  render  the  rays  from  the  coal 
points  parallel.  To  prevent  the  deflection  from  reaching  an 
inconvenient  magnitude,  the  parallel  rays  were  caused  to  issue 
from  a  circular  aperture  0"1  of  an  inch  in  diameter,  and  were 
sent  alternately  through  the  transparent  bisulphide  and  through 
the  opake  solution.  It  is  not  easy  to  obtain  perfect  steadiness 
on  the  part  of  the  electric  light ;  but  three  experiments  carefully 
executed  gave  the  following  deflections : — 
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Kadiation  from  Electric  Light. — Experiment  No.  I. 
Through  transparent  CS^.     Through  opake  solution. 
72°-0  70°-0 

Experiment  No.  II. 
76°-5  75°0 

Experiment  No.  III. 
77°-5  76°-5 

Calculating  from  these  measurements  the  proportion  of  lumi- 
nous to  obscure  heat^  the  result  may  be  thus  expressed: — 

30.  Dividing  the  radiation  from  the  electric  light  emitted  by  car- 
bon j)oints,  and  excited  by  a  Grove's  battery  of  forty  cells,  into  ten 
equal  parts,  one  of  those  parts  is  luminous  and  nine  obscure. 

31.  The  results  may  be  thus  presented  in  a  tabular  form  : — 

Table  III. — lladiation  through  dissolved  Iodine. 

Source.                    Absorption.  Transmission. 

Dark  spiral 0  100 

Lampblack  at  212°  Fahr.    .0  100 

Red-hot  spiral       ....       0  100 

Hydrogen-flame    ....       0  100 

Oil-flame 3  97 

Gas-flame 4  96 

White-hot  spiral    ....       4-6  95-4 

Electric  light 10  90 

Kepeated  experiments  may  slightly  alter  these  results,  but  they 
are  extremely  near  the  truth. 

32.  Having  thus  in  the  solution  of  iodine  found  a  means  of 
almost  perfectly  detaching  the  obscure  from  the  luminous  heat- 
rays  of  any  source,  we  are  able  to  operate  at  will  upon  the  former. 
Here  are  some  illustrations  : — The  rock-salt  lens  was  so  placed  in 
the  camera  that  the  coal  points  themselves  and  their  image 
beyond  the  lens  were  equally  distant  from  the  latter.  A  battery 
of  forty  cells  being  employed,  the  track  of  the  cone  of  rays  emer- 
gent from  the  lamp  was  plainly  seen  in  the  air,  and  their  point 
of  convergence  therefore  easily  fixed.  The  cell  containing  the 
opake  solution  was  now  placed  in  front  of  the  lamp.  The  lumi- 
nous cone  was  thereby  entirely  cut  ofi^,  but  the  intolerable  tem- 
perature of  the  focus,  when  the  hand  was  placed  there,  showed 
that  the  calorific  rays  were  still  transmitted.  Thin  plates  of  tin 
and  zinc  were  placed  successively  in  the  dark  focus  and  speedily 
fused;  matches  were  ignited,  gun-cotton  exploded,  and  brown 
paper  set  on  fire.  Employing  the  iodine  solution  and  a  battery 
of  sixty  of  Grove's  cells,  all  these  results  were  readily  obtained 
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with  the  ordinary  glass  lenses  attached  to  Duboscq's  electric 
lamp.  They  cannot,  I  think,  fail  to  give  pleasure  to  those  who 
repeat  the  experiments.  It  is  extremely  interesting  to  ob- 
serve in  the  middle  of  the  air  of  a  perfectly  dark  room  a  piece 
of  black  paper  suddenly  pierced  by  the  invisible  rays,  and  the 
burning  ring  expanding  on  all  sides  from  the  centre  of  ignition. 

33.  On  the  15th  of  this  month  I  made  a  few  experiments  on 
solar  light.  The  heavens  were  not  free  from  clouds,  nor  the 
London  atmosphere  from  smoke,  and  at  best  I  obtained  only  a 
portion  of  the  action  which  a  clear  day  would  have  given  me. 
I  happened  to  possess  a  hollow  lens,  which  I  tilled  with  the  con- 
centrated solution  of  iodine.  Placed  in  the  path  of  the  solar 
rays,  a  faint  red  ring  was  imprinted  on  a  sheet  of  white  paper 
held  behind  the  lens,  the  ring  contracting  to  a  faint  red  spot 
when  the  focus  of  the  lens  was  reached.  It  was  immediately 
found  that  this  ring  was  produced  by  the  light  which  had  pene^ 
trated  the  thin  rim  of  the  liquid  lens.  Pasting  a  zone  of  black 
paper  round  the  rim,  the  ring  was  entirely  cut  off  and  no  visible 
trace  of  solar  light  crossed  the  lens.  At  the  focus,  whatever  light 
passed  would  be  intensified  nine  hundredfold ;  still  even  here  no 
light  was  visible. 

34.  Not  so,  however  with  the  sun's  obscure  rays  -,  the  focus 
was  burning  hot.  A  piece  of  black  paper  placed  there  was  in- 
stantly pierced  and  set  on  fire ;  and  by  shifting  the  paper, 
aperture  after  aperture  was  formed  in  quick  succession.  Gun- 
powder was  also  exploded.  In  fact  we  had  in  the  focus  of  the 
sun's  dark  rays  a  heat  decidedly  more  powerful  than  that  of  the 
electric  light  similarly  condensed,  and  all  the  effects  obtained 
with  the  former  could  be  obtained  in  an  increased  degree  with 
the  latter. 

35.  I  introduced  a  plano-convex  lens  of  glass,  larger  than 
the  opake  lens  just  referred  to,  into  the  path  of  the  sun's  rays. 
The  focus  on  white  paper  was  of  dazzling  brilliancy ;  and  in  this 
focus  the  results  already  described  were  obtained.  I  then 
introduced  a  cell  containing  a  solution  of  alum  in  front  of  the 
focus.  The  intensity  of  the  liyht  at  the  focus  was  not  sensibly 
changed ;  still  these  almost  intolerable  visual  rays,  aided  as  they 
were  by  a  considerable  quantity  of  invisible  rays  which  had  also 
passed  through  the  alum,  were  incompetent  to  produce  effects 
which  were  obtained  with  ease  in  the  perfectly  dark  focus  of  the 
opake  lens. 

36.  Thinking  that  this  reduction  of  power  might  be  due  to 
the  withdrawal  of  heat  by  reflexion  from  the  sides  of  the  glass 
cell,  I  put  in  its  place  a  rock-salt  cell  filled  with  the  o])ake  solu- 
tion. Behind  this  cell  the  rays  manifested  the  power  which  they 
exhibited  in  the  focus  of  the  opake  lens. 
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37.  The  rendering  of  metals  incandescent  by  obscure  rays 
has  not  yet  been  accomplished.  This  is  a  question  on  which 
Dr.  Akin  has  been  engaged  for  some  years,  and  it  is  not  my 
intention  to  publish  anything  relating  to  it  until  the  very  pro- 
mising arrangements  which  he  has  devised  have  had  a  sufficient 
trial. 

38.  Melloni^s  experiments  led  him  to  conclude  that  rock- 
salt  transmits  obscure  and  luminous  rays  equally  well,  and  that 
a  solution  of  alum  of  moderate  thickness  entirely  intercepts  the 
invisible  rays,  while  it  allows  all  the  luminous  ones  to  pass.  Hence 
the  difference  between  the  transmissions  of  rock-salt  and  alum 
ought  to  give  the  obscure  radiation.  In  this  way  Melloni  found 
that  10  per  cent,  only  of  the  radiation  from  an  oil-iiame  consists 
of  luminous  rays.  The  method  above  employed  proves  that 
the  proportion  of  luminous  heat  to  obscure,  in  the  case  of  an 
oil-tlamc,  is  probably  not  more  than  one-third  of  what  Melloni 
made  it. 

39.  In  fact  this  distinguished  man  clearly  saw  the  possible 
inaccuracy  of  the  conclusion  that  npne  but  luminous  rays  are 
transmitted  by  alum  ;  and  the  following  experiments  justify  the 
clauses  of  limitation  which  he  attached  to  his  conclusion  : — 

The  solution  of  iodine  was  placed  in  front  of  the  electric  lamp, 
the  luminous  rays  being  thereby  intercepted.  Behind  the  rock- 
salt  cell  containing  the  opake  solution  was  placed  a  glass  cell, 
empty  in  the  first  instance.  The  deflection  produced  by  the 
obscure  rays  which  passed  through  both  produced  a  deflec- 
tion of 

80°. 

The  glass  cell  was  now  filled  with  a  concentrated  solution  of  alum  ; 
the  deflection  produced  by  the  obscure  rays  passing  through  both 
solutions  was 

50°. 

Calculating  from  the  values  of  these  deflections,  it  was  found  that 
of  the  obscure  heat  emergent  from  the  solution  of  iodine,  and  from 
the  side  of  the  glass  cell,  20  per  cent,  ivas  transmitted  by  the  alum, 

40.  A  point  of  very  considerable  importance  forces  itself  upon 
our  attention  here — namelythe  vast  practical  difference  which  may 
exist  between  the  two  phrases,  "obscure  rays,"  and  "rays  from 
an  obscure  source."  Many  writers  seem  to  regard  these  phrases 
as  equivalent  to  each  other,  and  are  thus  led  into  grave  errors. 
A  stratum  of  alum  solution  ^^^th  of  an  inch  in  thickness  is,  ac- 
cording to  Melloni,  entirely  opake  to  the  radiation  from  all  bodies 
heated  under  incandescence.  In  the  foregoing  experiments  the 
layer  of  alum  solution  traversed  by  the  obscure  rays  of  our  lumi- 
nous source  was  thirty  times  the  thickness  of  the  layer  which 
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Melloni  found  sufficient  to  quench  all  rays  emanating  from  ob- 
scure sources. 

41.  There  cannot  be  a  doubt  that  the  invisible  rays  which 
have  shown  themselves  competent  to  traverse  such  a  thick- 
ness of  the  most  powerful  adiatherraic  liquid  yet  discovered 
are  also  able  to  pass  through  the  humours  of  the  eye.  The 
very  careful  and  interesting  experiments  of  M.  Janssen  *,  prove 
that  the  humours  of  the  eye  absorb  an  amount  of  radiant 
heat  exactly  equal  to  that  absorbed  by  a  layer  of  water  of  the 
same  thickness,  and  in  our  solution  the  power  of  alum  is  added 
to  that  of  water.  Direct  experiments  on  the  vitreous  humour 
of  an  ox  lead  me  to  conclude  that  one-fifth  of  the  obscure  rays 
emitted  by  an  intense  electric  light  reaches  the  retina ;  and  inas- 
much as  in  every  ten  equal  parts  of  the  radiation  from  an  electric 
lamp  nine  consist  of  obscure  rays,  it  follows  that,  in  the  case 
of  the  electric  light,  nearly  two-thirds  of  the  whole  radiant 
energy  which  actually  reaches  the  retina  is  incompetent  to  excite 
vision.  With  a  white-hot  platinum  spiral  as  source,  the  mean 
of  four  good  experiments  gave  a  transmission  of  11*7  per  cent, 
of  the  obscure  heat  of  the  spiral  through  a  layer  of  distilled 
water  1'2  inch  in  thickness.  A  larger  proportion  no  doubt 
reaches  the  retinaf. 

42.  Converging  the  beam  from  the  electric  lamp  by  a  glass 
lens,  I  placed  the  opake  solution  of  iodine  before  my  open  eye, 
and  brought  the  eye  into  the  focus  of  obscure  rays ;  the  heat 
was  immediately  unbearable.  But  it  seemed  to  me  that  the 
unpleasant  efi'ect  was  mainly  due  to  the  action  of  the  obscure 
rays  upon  the  eyelids  and  other  opake  parts  ro\md  the  eye.  I 
therefore  cut,  in  a  card,  an  aperture  somewhat  larger  than  the 
pupil,  and  allowed  the  concentrated  calorific  beam  to  enter  my 
eye  through  this  aperture.  The  sense  of  heat  entirely  disap- 
peared. Not  only  were  the  rays  thus  received  upon  the  retina 
incompetent  to  excite  vision,  but  the  optic  nerve  seemed  un- 
conscious of  their  existence  even  as  heat.  What  the  consequences 
would  have  been  had  I  permitted  the  luminous  third  of  the 
condensed  beam  to  enter  my  eye,  I  am  not  prepared  to  say,  nor 
should  I  like  to  make  the  experiment. 

43.  On  a  tolerably  clear  night  a  candle-flame  can  be  readily 
seen  at  the  distance  of  a  mile.  The  intensity  of  the  electric 
hght  used  by  me  is  650  times  that  of  a  good  composite  candle, 
and  as  the  non-luminous  radiation  from  the  coal  points  which 
reaches  the  retina  is  equal  to  twice  the  luminous,  it  follows  that 
at  a  common  distance  of  a  foot,  the  energy  of  the  invisible  rays 

*  Annales  de  Chimie  et  de  Physique,  torn.  Ix.  p.  /I. 
t  M.  Franz  has  shown  that  a  portion  of  the  sun's  obscure  rays  reach  the 
retina. 
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of  the  electric  light  which  reach  the  optic  nerve,  but  are  incom- 
petent to  provoke  vision,  is  1300  times  that  of  the  light  of  a 
candle.  But  the  intensity  of  the  candle's  light  at  the  distance 
of  a  mile  is  less  than  one  twenty-millionth  of  its  intensity  at 
the  distance  of  a  foot,  hence  the  energy  which  renders  the  can- 
dle perfectly  visible  a  mile  off  would  have  to  be  multij)lied  by 
1300  X  20,000,000,  or  by  twenty-six  thousand  millions,  to  bring 
it  up  to  the  intensity  of  that  powerless  radiation  which  the  eye 
receives  from  the  electric  light  at  a  foot  distance.  Nothing,  I 
think,  could  more  forcibly  illustrate  the  special  relationship 
which  subsists  between  the  optic  nerve  and  the  oscillating 
periods  of  luminous  bodies.  The  nerve,  like  a  musical  string, 
res])onds  to  the  periods  with  which  it  is  in  accordance,  while  it 
refuses  to  be  excited  by  others  of  vastly  greater  energy  which 
are  not  in  unison  with  its  own. 

44.  By  means  of  the  opake  solution  of  iodine,  I  have  already 
shown  that  the  quantity  of  luminous  heat  emitted  by  a  bright 
red  platinum  spiral  is  immeasurably  small*.  Here  are  some 
determinations  since  made  with  the  same  source  of  heat  and  a 
solution  of  iodine  in  iodide  of  ethylc,  the  strength  and  thickness 
of  the  solution  being  such  as  entirely  to  intercept  the  luminous 
rays. 

Radiation  from  Red-hot  Platinum  Spiral. 

Through  transparent  liquid.  Through  opake  solution. 

43-7  43°  7 

43-7  43-7 

These  experiments  were  made  with  exceeding  care,  and  all 
the  conditions  were  favourable  to  the  detection  of  the  slightest 
difference  in  the  amount  of  heat  reaching  the  galvanometer ;  still 
the  quantity  of  heat  transmitted  by  the  opake  solution  was 
found  to  be  the  same  as  that  transmitted  by  the  transparent  one. 
In  other  words,  the  luminous  radiation  intercepted  by  the  former, 
though  competent  to  excite  vividly  the  sense  of  vision,  was,  when 
expressed  in  terms  of  actual  energy,  absolutely  immeasurable. 

45.  And  here  we  have  the  solution  of  various  difficulties  which 
from  time  to  time  have  perplexed  experimenters.  When  we  see 
a  vivid  light  incompetent  to  affect  our  most  delicate  thcrmo- 
scopic  apparatus,  the  idea  naturally  presents  itself  that  light  and 
heat  must  be  totally  difierent  things.  The  pure  light  emerging 
from  a  combination  of  water  and  green  glass,  even  when  rendered 
intense  by  concentration,  has,  according  to  Melloni,  no  sensible 
heating  power  f.  The  light  of  the  moon  is  also  a  case  in  point. 
Concentrated  by  a  polyzonal  lens  more  than  a  yard  in  diameter 

*  Phil.  Trans,  vol.  cliv.  p.  327. 

t  Taylor's  Scientific  Memoirs,  vol.  i.  p.  392. 
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upon  the  face  of  his  pile,  it  required  all  Melloni's  acuteness  to 
7iurse  the  calorific  action  up  to  a  measurable  quantity.  Such 
experiments,  however,  demonstrate,  not  that  the  two  agents  are 
dissimilar,  but  that  the  sense  of  vision  can  be  excited  by  an 
amount  of  force  almost  infinitely  small. 

46.  Here  also  we  are  able  to  offer  a  remark  as  to  the  appli- 
cability of  radiant  heat  to  fog-signalling.  The  proposition,  in 
the  abstract,  is  a  philosophical  one;  for  were  our  fogs  of  a 
physical  character  similar  to  that  of  the  iodine  held  in  solution 
by  the  bisulphide  of  carbon,  or  to  that  of  iodine  or  bromine  vapour, 
it  would  be  possible  to  transmit  through  them  powerful  fluxes 
of  radiant  heat,  even  after  the  entire  stoppage  of  the  light  from 
our  signal  lamps.  But  our  fogs  are  not  of  this  character.  They 
are  unfortunately  so  constituted  as  to  act  very  destructively 
upon  the  purely  caloi'ific  rays ;  and  this  fact,  taken  in  conjunc- 
tion with  the  marvellous  sensitiveness  of  the  eye,  leads  to  the 
conclusion  that  long  before  the  liffht  of  our  signals  ceases  to  be 
visible,  their  radiant  heat  has  lost  the  power  of  affecting,  in  any 
sensible  degree,  the  most  delicate  thermoscopic  apparatus  that 
we  could  apply  to  their  detection. 

Royal  Institution,  October  1864. 


XL.  On  Evansite,  a  new  Mineral  Species. 
By  David  Forbes,  F.R.S.,  ^c* 

THIS  mineral  was  brought  from  Hungary  in  the  year  1855 
by  the  late  Mr.  Brooke  Evans  of  Birminghamf,  and  was 
then  reported  to  be  found  in  some  abundance  as  an  incrustation 
in  drusic  cavities  which  occurred  in  the  brown  iron  ores.  It 
was  regarded  as  pertaining  to  the  mineral  species  allophanej, 
with  which  it  agrees  in  many  of  its  physical  properties,  as  hard- 
ness, colour,  specific  gravity,  &c.,  as  well  as  in  the  percentage  of 
loss  sustained  upon  heating  the  mineral  to  redness. 

The  specimen  I  received  from  ]\Ir.  Evans  was  labelled  Allo- 
phane  from  Zsetcznik,  Gomar  Comitat,  and  was  very  beautiful 
in  appearance,  consisting  of  an  agglomeration  of  small  stalactites 
with  reniform  and  globular  excrescences  on  brown  haematite,  many 
of  these  excrescences  much  resembling  artificial  or  natural  pearls, 
having  both  the  figure  and  characteristic  pearly  lustre  of  such. 

I  doubted  the  identity  of  the  mineral  with  allophane ;  and  a 

*  Communicateil  by  the  Author. 

t  After  whom  the  species  is  now  named. 

X  A  considerable  number  of  specimens  had  been  given  by  Mr.  Evans  to 
private  collections  in  England  all  labelled  "allophane,"  and  I  understand 
that  many  more  had  likewise  been  distributeil  iu  Germany  under  the  same 
name. 
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preliminary  blowpipe  examination  immediately  confirmed  this 
opinion  by  proving  the  absence  of  silica  in  any  quantity,  and 
indicating  the  })resence  of  phosphoric  acid ;  and  consequently  I 
was  more  disposed  to  regard  it  as  hydrargyllite  or  Gibbsite.  I 
commenced,  however,  a  systematic  examination  of  the  mineral, 
but  my  sudden  departure  and  ])rolonged  absence  in  South  Ame- 
rica has  prevented  my  having  had  an  opportunity  of  making  the 
results  ])ublic  until  my  recent  return. 

The  ])hysical  characters  of  Evausite  are  as  follows : — Amor- 
phous and  without  trace  of  crystallization  ;  reniform  or  botryoi- 
dal ;  colourless  or  milk-white,  and  sometimes  faintly  tinged  with 
yellow  or  blue,  and  occasionally  presenting  iridescent  hues;  streak 
white ;  translucent  to  semi-opake.  Lustre,  vitreous  or  resinous ; 
splendid  and  waxy  internally;  very  brittle.  Fracture  semicon- 
choidal  and  shining. 

Hardness  3*5  to  4,  scratching  calc-spar  with  facility  but  not 
fluor-spar ;  one  fragment,  however,  was  found  to  leave  a  faint  mark 
on  fluor-spar. 

Specific  gravity.  Several  determinations  were  carefully  made, 
and  precautions  were  taken  to  expel  all  air  from  between  the 
laminae  of  the  mineral  by  using  boiling  distilled  water  and  allow- 
ing it  to  cool  down  to  the  tenipei-ature  of  C0°  Fahr. ;  the  results 
were  as  follows  : — 

1.  Using  28-51  grains  of  the  translucent  colourless  mineral 
in  small  fragments,  the  loss  in  water  was  found  to  be  15*59 
grains,  and  the  consequent  specific  gravity  1*822. 

2.  With  13*686  grains  similar  to  last,  the  loss  in  water  was 
7*31  grains,  and  the  calculated  specific  gravity  consequently  1*872. 

3.  With  12*87  grains  of  faint-yellow-coloured  mineral  in  frag- 
ments, the  loss  obtained  was  6*13  grs.,  and  the  consequent  spe- 
cific gravity  would  be  2'099. 

4.  When  18*793  grains  of  semiopake  mineral  in  one  piece 
was  immersed  under  water,  it  lost  9'55  grains,  and  consequently 
had  a  specific  gravity  of  1*965. 

The  mean  of  these  four  determinations  will  give  1*939  as  the 
specific  gravity  of  Evansite. 

The  behaviour  of  this  mineral  before  the  blowpipe  was  found 
to  be  as  follows  : — 

In  a  closed  tube  it  immediately  evolved  water,  decrepitated, 
and,  on  continued  application  of  heat,  gave  off  more  water  and 
remained  behind  in  the  form  of  a  milk-white  powder.  On  test- 
ing, the  water  evolved  did  not  show  any  reaction  with  Brazil 
wood,  red  or  blue  litmus^  or  turmeric  test  papers. 

In  an  open  tube  the  same  reactions  were  observed.  Heated 
between  platinum  points  it  very  slightly  swelled  out,  became  of  a 
milk-white  colour,  and  presented,  when  viewed  through  the  glass, 
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an  innumerable  series  of  minute  cracks ;  did  not  fuse  in  the 
strongest  heat ;  appeared  to  colour  the  outer  flame  bluish  green, 
but  so  feebly  as  to  be  all  but  indistinct.  On  moistening  the 
mineral  with  sulphuric  acid,  this  reaction  was  rendered  rather 
more  apparent.  On  charcoal  it  proved  infusible  and  unaltered, 
in  both  oxidizing  and  deoxidizing  flames  ;  but  when  heated,  after 
moistening  it  with  a  solution  of  nitrate  of  cobalt,  an  intense  blue 
colour  was  communicated  to  the  assay.  It  dissolved  readily 
both  in  borax-glass  and  phosphateof  soda*  in  the  oxidating  flame, 
forming  colourless  glasses,  which  remain  colourless  on  cooling : 
some  of  the  faint-yellow-coloured  specimens  give  a  very  light- 
coloured  yellow  glass  when  hot,  but,  on  cooling,  become  colour- 
less, a  reaction  due  to  the  presence  of  iron.  In  the  reducing- 
flame  both  these  fluxes  give  the  same  reactions.  In  a  few  cases 
the  glass  formed  by  phosphate  of  soda  shows  a  trace  apparently 
of  silica  floating  in  the  clear  glass  bead. 

A  qualitative  chemical  examination  showed  the  mineral  to  be 
completely  soluble  in  sulphuric,  nitric,  and  hydrochloric  acids. 
The  solution,  when  treated  by  a  stream  of  sulphuretted  hydrogen 
gas  passing  through  it,  gave  no  precipitate  whatever.  The  acid 
solution  gave  a  yellow  precipitate,  indicative  of  phosphoric  acid, 
when  treated  with  molybdate  of  ammonia ;  and  further,  alumina 
and  a  trace  of  oxide  of  iron  were  found,  but  no  lime,  glucina  or 
zirconia,  which  were  specially  tested  for. 

Fluorine  was  examined  for  by  treating  12*10  grains  in  a  pla- 
tinum crucible  with  sulphuric  acid  at  a  gentle  heat,  the  crucible 
being  at  the  same  time  covered  with  a  glass  plate  waxed  on  the 
under  side  and  kept  cold  on  the  upper  side ;  some  characters 
were  traced  through  the  wax  with  a  flue  point;  no  visible  etch- 
ing was  remarked  after  the  operation. 

The  mineral,  therefore,  consisted  only  of  water,  alumina,  and 
phosphoric  acid  with  an  accidental  trace  of  oxide  of  iron  and 
sihca.     Its  quantitative  analysis  was  conducted  as  follows  : — 

Detei-mination  of  the  Water. 

22 "22  grs.  of  the  transparent  colourless  mineral  left,  after 
heating  to  redness,  13-49  grs.  residue ;  also  evolved  8-73  grs.  grs. 
water,  equivalent  to  39'285  per  cent,  water  in  the  mineral. 

15-38  grs.,  same  quality,  left  under  same  treatment  8-93 
residue ;  also  6*45  grs.  water,  equivalent  to  41*18  per  cent. 

13-365  grs.,  translucent  but  of  a  faint  yellow  colour,  left  8-105 
grs.  residue;  also  5-26  grs.  water,  which  would  make  39-37 
per  cent. 

*  Instead  of,  as  coiumonl\-,  using  uiiciocosiuic  salt  (phosphate  of  soda 
and  ammonia),  I  prefer  empk)yin<>;  the  dried  phosphate  of  soda  prepared 
by  heating  strongly  the  above  until  all  ammonia  is  driven  off.  It  will  be 
found  much  more  convenient  in  practice,  as  it  melts  gently,  and  does  not 
froth  and  spit  as  the  microcosmic  salt  does. 
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24-877  grs.j  translucent  and  colourless,  heated  in  a  water- 
bath  at  212°  Fahr.  for  twenty  hours,  left  20'25  grs.  residue,  being 
4*G27  grs.  water,  or  equal  to  1369  per  cent,  water  given  off  at 
212°  Fahr. ;  on  further  heating  to  redness  left  14*94  grs.  residue, 
thus  giving  a  total  of  5-31  grs.  water,  or  equivalent  to  39"91 
per  cent. 

The  average  of  these  four  experiments  affords  39'945  per  cent, 
water. 

Determination  of  the  Insoluble  Matter  (Silica). 

18'07  grs.  of  the  mineral  were  dissolved  in  hydrochloric 
acid  with  addition  of  a  little  nitric  acid ;  some  flakes  remained 
persistently  insoluble,  and  were  collected  on  a  filter,  washed, 
dried  and  incinerated,  and  weighed  0'250  gr,,  or  equal  to  1*39 
per  cent. 

13*365  grs.  of  the  translucent  but  yellow-coloured  mineral, 
after  having  been  previously  ignited  to  determine  the  amount  of 
water  present,  were  now  dissolved  in  nitrohydrochloric  acid ;  the 
insoluble  residue  collected  on  a  filter,  washed,  and  determined  after 
incineration,  weighed  0*46  gr.,  or  equivalent  to  3'44  per  cent. 
I  satisfied  myself,  however,  that  this  result  is  quite  erroneous 
and  much  too  high,  owing  to  a  part  of  the  phosphate  of  alumina 
in  the  mineral  becoming  itself  insoluble,  through  the  previous 
heating  it  had  been  submitted  to  in  determining  the  percentage 
of  water  in  it. 

Determination  of  the  Phosphoric  Acid. 

22*22  grs.  of  the  white  translucent  mineral  were  dissolved 
in  nitrohydrochloric  acid,  and  to  the  solution  an  excess  of  a  so- 
lution of  molybdate  of  anmionia,  previously  rendered  strongly 
acid  by  addition  of  nitric  acid  in  large  excess,  was  added  until 
all  phosphoric  acid  present  was  precipitated  in  the  form  of  the 
yellow  phosphomolybdate  of  ammonia.  After  filtration  this  pre- 
cipitate was  dissolved  in  ammonia,  and  the  solution  then  preci- 
pitated by  adding  a  mixed  solution  of  sulphate  of  magnesia, 
chloride  of  ammonium,  and  caustic  ammonia.  The  precipitate 
of  phosphate  of  ammonia  and  magnesia  was  allowed  to  stand  for 
twelve  hours,  then  filtered  off,  washed  with  ammonia-water,  and 
determined  on  ignition,  affording  6*40  grs.  pyrophosphate  of 
magnesia,  equivalent  to  4*09  grs.  phosphoric  acid,  or  18*42  per 
cent,  phosphoric  acid  in  the  mineral. 

Another  estimation  of  the  phosphoric  acid  in  the  mineral  was 
made  by  Girard^s  modification  of  Reynoso's  process,  as  follows  : — 

15*38  grs.  were  dissolved  in  nitric  acid,  and  22  grs.  of  me- 
tallic tin  then  added  to  the  solution  and  boiled  until  entirely 
oxidized ;  the  solution  was  then  filtered  off,  and  the  insoluble 
oxide  and  phosphate  of  tin  dissolved  in  excess  of  sulphide  of 
ammonium  by  digestion ;  the  solution  was  filtered  from  some 
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little  insoluble  residue,  and  then  precipitated  by  the  addition  of  a 
previously  mixed  solution  of  sulphate  of  magnesia,  chloride  of 
ammonium,  and  ammonia  in  excess,  allowed  to  stand  twelve  hours, 
and  the  precipitated  phosphate  of  ammonia  and  magnesia  then 
filtered  off  and  determined  as  in  the  last  case  ;  the  pyrophosphate 
of  magnesia  amounted  to  4-605  grs.,  equivalent  to  2-944  grs. 
phosphoric  acid,  or  19-01  per  cent. 

A  third  determination  of  the  phosphoric  acid  was  now  made 
upon  13-365  grs.  dissolved  in  hydrochloric  acid,  some  50 
grs.  crystallized  tartaric  acid  added,  and  then  ammonia  in 
excess;  the  solution  remained  clear,  and  was  then  precipitated  by 
a  mixed  solution  of  sulphate  of  magnesia,  chloride  of  ammonium, 
and  liquid  ammonia,  and  allowed  to  stand  twelve  hours.  The 
supernatant  solution  was  now  carefully  decanted,  and  the  pre- 
cipitate redissolved  in  hydrochloric  acid,  a  little  tartaric  acid 
added,  and  then  ammonia  in  excess  :  after  standing  twelve  hours 
the  precipitated  phosphate  of  ammonia  and  magnesia  was  col- 
lected and  determined  as  usual ;  the  pyrophosphate  of  magnesia 
weighed  4-14  grs.,  equivalent  to  2-63  grs.  phosphoric  acid,  or 
19-73  per  cent,  in  the  mineral.  The  mean  of  these  three  de- 
terminations of  phosphoric  acid  will  consequently  amount  to 
19-05  per  cent. 

Determination  of  the  Alumina. 

22*22  grs.  (the  same  as  employed  as  before  mentioned  in  deter- 
mining the  phosphoric  acid  by  the  molybdate-of-ammouia  me- 
thod) were  here  made  use  of,  and  the  solution,  after  separating 
the  precipitate  of  phosphomolybdate  of  ammonia,  was  now  sub- 
jected to  the  action  of  a  stream  of  sulphuretted  hydrogen  gas 
until  no  more  precipitate  of  sulphide  of  molybdenum  fell ;  it  was 
then  filtered  from  this  precipitate,  and  the  solution,  after  boiling 
to  remove  any  excess  of  the  gas,  precipitated  by  ammonia,  by 
which  the  alumina  present  was  thrown  down,  which,  being 
washed,  dried,  and  incinerated,  weighed  8-90  grains,  or  conse- 
quently 40-05  per  cent,  in  the  mineral. 

Another  determination  of  the  alumina  was  made  on  the 
quantity  of  mineral  (15-38  grs.)  used  in  determining  the 
phosphoric  acid  according  to  the  tin  method.  The  matter 
insoluble  in  sulphide  of  ammonium  was,  as  far  as  possible, 
dissolved  in  nitrohydrochloric  acid,  this  solution  was  added  to 
the  nitric-acid  solution  obtained  in  the  first  instance  after  filter- 
ing off  the  oxide  and  phosphate  of  tin,  and  the  whole  then  pre- 
cipitated by  ammonia  and  the  alumina  collected.  From  its  ap- 
pearance, however,  it  was  suspected  that  it  might  contain  tin  ;  it 
was  redissolved  in  sulphuric  acid  and  a  stream  of  sulphuretted 
hydrogen    passed  through   the   solution,   when   a  considerable 
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precipitate  of  the  sulphides  of  lead  and  tin*  fell,  which  was  filtered 
off,  and  the  alumina  determined  as  usual  by  precipitation  by  am- 
monia. After  ignition  it  weighed  5*90  grs.,  or  equivalent  to  38'36 
per  cent,  in  the  mineral. 

The  average  of  these  two  determinations  of  alumina  will  be 
39-20  per  cent. 

From  the  results  of  the  above  determinations  the  analyses  will 
now  stand  as  follows  : — 


a. 

b. 

c. 

Water     .     .     . 

.     8-73 

6-45 

5-260 

Phosphoric  acid 

.     4-09 

2-94 

2-630 

Alumina      .     . 

.     8-90 

5-90 

5-290t 

Insoluble  (silica) 

.     0-31 

009t 

0-185 

Loss  in  analysis 

.     0-19 
22-22 

15-38 

13-365 

id  calculating  the  p 

srcentages  derived  from  these  results, — 

ff. 

b. 

c.              Mean. 

Water     .... 

39-29 

41-18 

39-37         39-95 

Phosphoric  acid     . 

18-42 

lQ-01 

19-73         1905 

Alumina      .     .     . 

40-05 

38-36 

41-51t       39-31 

Insohible  (silica)   . 

1-39 

l-45t 

1-39           1-41 

Loss 

0-85 

0-28 

10000       10000       100-00       10000 
From  the  above  analysis  the  formula  3AP03,  P0^+18H0 
may,  I  think,  be  safely  deduced.     This  formula  will,  on  calcula- 
tion, represent  the  following  percentage  composition  : — 
3A1«  03= 153-78   =   39-75     Alumina. 
6P05    =   71-00  =   18-36     Phosphoric  acid. 
18H0     =162-00  =  41-89     Water. 

386-78       10000 
For  comparison  I  annex  a  Table  showing  the  chemical  com- 
position of  all  the  hydrated  phosphates  hitherto  announced  as 
having  been  found  in  the  mineral  kingdom. 


3A1203,2P05+12HO. 

2A1203,P03 
+  5HO. 

2Ai:o:',P05 
+6HO. 

2A1203,P05  A1203,P05, 
+8HO.          +8HO. 

Wavellite.    Kapricite. 

Kalaite. 

Peganite. 

Fischerite. 

Gibbsite. 

Barnstaple.  Hungary. 

Silesia. 

Stricgis.    Nischna  Tugal 

Mass.U.S 

Phosphoric  acid.     34-98    35-49 

30-90 

30-49 

29-03 

37-62 

Alumina  .     .     .     37-18     39-59 

44-50 

44-49 

38-47 

26-66 

Oxide  of  iron     

1-80 

2-20 

1-20 

Oxide  of  copper 

3-70 

.... 

0-80 

.... 

Gaugue    

.... 

3-00 

.... 

Water       .     .     .     28-00    24-92 

19-00 

22-82 

27-50 

35-72 

100-16  100-00 

99-90 

10000 

100-00 

100-00 

Fuchs.     Stiideler. 

Zellner. 

Hermann. 

Hermann. 

Hermann. 

*  Doubtless  the  lead  had  been  in  the  tin  as  an  impurity 

t  Determined  as  loss. 

[    347    ] 
XLI.   On  Induction  in  a  Rotating  Conductor. 

By  E.  JOCHMANN*. 

THE  equations  (26)  and  (27)  of  my  memoir  "  On  the  Elec- 
tric Currents  induced  by  a  Magnet  in  a  Rotating  Con- 
ductor^'t  can  be  easily  integrated,  by  means  of  a  development  in 
series  accoi'ding  to  spherical  functions,  in  the  special  case  of  a 
conducting  sphere  rotating  around  one  of  its  diameters.  The 
results,  on  "account  of  their  remarkable  simplicity,  shall  be 
here  given. 

Let  

s  =  s/a^  +  b^  +  c^ 

be  the  distance  of  an  inducing  pole  from  the  centre  of  the  sphere, 
and  \  denote  the  angle  between  the  directions  of  s  and  r,  where 

r=\/  x^ + y^  -{■  z^ ; 

then  if  p  represent,  as  before,  the  distance  of  the  point  [x,  y,  z), 

within  the  conductor,  from  the  inducing  pole,  so  that 

p2  _  ^2  ^  ^2 — 2r5  cos  \, 

we  shall  have 

TT     o  7-0      ricr—sz co%\) 

V  =  Znkza  — } '—r> 

sp[p  +  s—r  cos  X) 

where  the  summation  is  to  be  extended  to  all  the  existing  mag- 
netic poles.     If,  further,  we  put 

ps{p  +  s— 7' cosX) 

the  components  of  the  cui-rent-density  at  the  point  {x,  y,  z) 
will  be 

u=y^ z^ — ) 

•^  dz         By 

V  =  Z-zr ^^^— ' 

Ox         dz 

w  =  x  =;^ y  ^—  • 

By      "^  ^x 

From  the  form  of  these  expressions  it  is  manifest  that  the  radial 
components  of  the  current  at  each  point  within  the  sphere 
vanish, — in  other  words,  that  all  the  currents  flow  on  concen- 

*  From  the  Journal  fur  diereine  und  angewandte  MathematiJc,\ol.  xzxvi. 
p.  329. 
t  Phil.  Mag.  S.  4.  vol.  xxvii.  p.  522. 
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trie  spherical  surfaces.  It  likewise  follows  therefrom  that  the 
results  are  also  immediately  applicable  to  the  case  of  a  shell 
bounded  by  two  concentric  spherical  surfaces.  In  this  case, 
however,  we  must  also  assume  a  distribution  of  free  electricity 
on  the  inner  surface  of  the  hollow  sphere,  of  such  a  nature  that, 
in  virtue  of  its  presence  together  with  that  of  the  electricity 
within  the  conductor  and  on  its  external  surface,  the  potential 
V  may  acquire  the  above  value.  The  form  of  the  current- 
curves  within  the  conductor  is  determined  by  the  equations 

?'=  const.,     ^=  const. 

The  components  of  the  action  of  the  system  of  induced  currents 
upon  an  external  magnetic  pole  m  are 

BQ  BQ  BQ 

~"dr  ~''w  ""y?' 

where  ^,  rj,  ^  are  the  coordinates  of  the  pole,  and 

Q=  ^iylf>'Lda;'dy'dz'+  ^  (  ^''-^doj' dy' dz' +  ^^^'^da;'dyW, 

in  which  expression  "^I^'  denotes  what  ^  becomes  when  cc,  y,  z  are 
changed  into  x\  y',  z',  and,  for  brevity,  we  have  put 

The  integration  can  easily  be  eflfected  when  it  is  required  to 
calculate  the  reaction  of  the  system  of  induced  currents  upon  a 
siny/e  inducing  pole,  or  when,  after  ditierentiation,  ^,  ?;,  ^  are 
made  equal  to  a,  b,  c  respectively,  and  consequently  r  to  p.  For 
then,  putting  for  simplicity  i  =  0,  we  have  in  the  case  of  a  solid 
sphere  of  radius  R, 

Y=  — 2^^  [rw^^w-  +—27-  ^'^  7^\\  ' 

and  in  the  case  of  a  hollow  sphere  with  internal  and  external 
radii  equal  to  Rj,  Rg,  respectively, 

whilst  in  both  cases 

X  =  0,     Z  =  0. 

The  relation  between  these  results  and  those  obtained  in  the 
former  memoir  for  the  case  of  a  plane  disk  is  manifest. 

The  result  takes  a  remarkably  simple  form  under  the  hypo- 
thesis of  a  sphere  rotating  under  the  influence  of  a  constant 
magnetic  force,  such  as  that  of  the  earth.  The  coordinate  plane 
y=Q  may  now  be  made  to  coincide  with  the  plane  of  the  axis  of 
rotation  and  the  direction  of  magnetic  force,  or,  as  we  may  call 
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it,  the  plane  of  the  magnetic  meridian.  This  done,  we  must  put 
6  =  0,  and  afterwards  allow  s  and  /-t  to  increase  indefinitely  in 

such  a  manner  that  the  ratios  -  =  sin  7  and  -g  —  "^  "^^Y  pi'eserve 

s  s 

constant  values.  The  quantity  T  will  then  represent  the  inten- 
sity of  the  constant  magnetic  force,  and  7  the  angle  between  the 
direction  of  this  force  and  the  axis  of  rotation.  In  this  case  the 
current  curves  reduce  themselves  to  the  system  of  circles  repre- 
sented by  the  equations 

r=  const.,     ?/=  const., 

all  of  which  lie  in  planes  parallel  to  that  of  the  magnetic  meri- 
dian. The  constant  current-density  within  each  current-curve 
will  be 

^nlcKT  sin  y  .  X, 
if  

be  the  radius  of  the  current- circle.  "With  respect  to  its  external 
action,  the  current-system  deports  itself  like  a  magnet  whose 
axis  coincides  with  that  of  y,  or,  in  other  words,  is  perpendicular 
to  the  plane  of  the  magnetic  meridian.  Worthy  of  notice  is  the 
analogy  which  exists  between  this  result  and  the  one  deduced  by 
Poisson  from  his  magnetic  theory  of  rotation-magnetism  in  his 
memoir  "Sur  le  Maguetisme  en  mouvement^'*,  as  well  as  the 
one  found  bj'^  Green  f,  in  the  case  where  a  sphere  of  imperfect 
electric  conductibility  is  supposed  to  rotate  under  the  influence 
of  a  constant  electrostatic  force,  or  where  a  sphere  consisting  of  a 
magnetizable  substance  endued  with  coercive  fox'ce  rotates  under 
the  influence  of  a  constant  magnetizing  force. 
Berlin,  March  1864. 


XLII.   On  the  Influence  of  the  Pitch  of  the  Tuning-Fork  on  the 
Mechanism  of  the  Human  Voice.     By  John  Bishop,  F.R.S.X 

ALL  those  who  have  paid  attention  to  acoustics  know  that 
what  is  denominated  pitch  in  musical  science  refers  to  a 
certain  definite  number  of  vibrations  or  undulations  of  the  air, 
and  also  that,  for  musical  purposes,  a  tuning-fork  has  been  con- 
structed to  yield  a  note  or  sound  termed  C,  which  we  may  assume 
as  the  fundamental  note  in  the  diatonic  scale,  or  gamut. 

Since,  then,  the  pitch  of  the  tuning-fork  determines  that  of 
all  the  other  notes,  both  in-  music,   nmsical  instruments,  and 

*  Mem.  cle  VAcad.  cles  Sciences,  vol.  vi.  p.  497- 

t  Journal  fur  die  reine  nnd  angewandte  Mathematik,  vol.  xlvii.  p.  187. 

X  Communicated  by  the  Author. 
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tones  of  the  human  voice  in  singing,  it  is  of  the  greatest  import- 
ance, not  only  that  the  pitch  of  the  fork  should  be  uniform,  but 
that  it  should  be  conformable  to  the  structure  and  functions  of 
the  human  organs  of  voice,  to  which  all  other  instruments  of 
sound  ought  to  be  subordinate. 

How  widely  this  principle  has  been  departed  from,  and  how 
injurious  these  deviations  have  been  to  the  vocal  mechanism,  it 
is  the  object  of  the  following  remarks  to  show. 

The  pitch  having  once  been  disturbed,  the  Philharmonic 
Society  adopted  a  particular  one,  the  Opera  another,  and  then 
almost  every  maker  of  musical  instruments  chose  his  own  pitch, 
until  at  last  it  became  difficult  to  get  together  performers  on 
two  or  three  instruments  which  were  of  the  same  pitch.  The 
pitch  of  tuning-forks  with  "C  Philharmonic"  marked  on  them 
may  be  very  different,  and  there  seems  no  guarantee  for  the  cor- 
rect pitch  of  many  of  these  forks ;  and  where  the  pitch  is  so 
various,  singers  do  not  know  whether  or  not  the  music  they 
have  been  accustomed  to  sing  is  within  the  compass  of  their 
voice. 

In  this  state  of  uncertainty,  the  Society  of  Arts  appointed  a 
committee  to  investigate  the  subject,  and  to  discover  and  report 
on  the  best  means  of  remedying  these  difficulties.  Upon  this 
report  being  considered,  528  vibrations  were  recommended  for 
adoption  by  the  Society*. 

When  the  nature  of  soimd  was  first  investigated,  the  number 
of  vibrations  in  the  air  which  were  necessary  to  constitute  a  sound 
of  a  given  pitch  was  accurately  ascertained.  It  was  determined 
that  any  elastic  body,  such  as  a  stretched  cord  or  a  spring,  whose 
vibrations  to  and  fro  recurred  every  second,  should  be  denomi- 
nated C,  and  that  every  power  of  the  number  two,  expressing 
vibrations  within  the  limits  of  the  range  of  musical  instruments, 
should  constitute  C  in  the  diatonic  scale  of  music.  On  this 
system  was  the  tuning-fork  constructed,  being  taken  for  conve- 
nience at  the  10th  power  of  2,  consisting  of  1024  vibrations, 
which  will  be  according  to  the  German  and  the  French  system 
of  notation,  and  512  double  vibrations  on  the  system  of  the 
English  method  of  computation — this  pitch,  or  some  other  of  a 
less  number,  having  obtained  the  sanction  of  all  the  musicians 
and  mathematicians  who  had  studied  acoustics  with  reference  to 
musical  science.  Among  the  latter  may  be  noticed  the  names 
of  Euler,  I.  and  D.  Bernouilli,  Riccati,  Poisson,  Savart,  Dr. 
Young,  Weber,  and  Sir  John  Herschel.  Among  those  who  com- 
posed music  nearly  on  this  pitch  of  the  fork  are  Handel,  Mozart, 
Beethoven,  and  nearly  all  the  great  composers  up  to  the  begin- 
ning of  the  present  century ;  and,  moreover,  musical-instrument 
*  Journal  of  the  Society  of  Arts,  June  8,  1864. 
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makers  had,  up  to  this  period,  observ^ed  nearly  the  same  funda- 
mental pitch  for  the  tuning-fork. 

The  following  Table,  with  which  I  have  been  supplied  by  the 
kindness  of  my  friend  Mr.  A.  J.  Ellis,  will  show  the  truth  of  the 
statement  that  the  pitch  of  C  has  been  arbitrarily  raised,  in 
various  degrees  in  different  countries,  since  the  time  of  Handel, 
and  also  that  the  Italian-Opera  pitch  is  such  as  to  render  a  great 
deal  of  vocal  music  impossible  to  be  sung  by  any  vocalists  except 
those  who  possess  an  unusually  extended  compass ;  also  that  the 
scale  of  the  Society  of  Arts  is  too  high  for  general  use,  and  has 
failed  to  produce  that  uniformity  which  was  designed  by  its 
members ;  and  the  question  resolves  itself  into  whether  the  slight 
difference  in  the  brilliancy  of  instrumental  music  is  compensated 
for  by  the  increase  of  difficulty  and  injury  to  the  human  organs 
of  voice.  We  all  know  that  the  performance  of  the  most  favour- 
ite overture,  executed  by  the  most  perfect  of  orchestras,  faded 
into  comparative  insignificance  when  the  tones  of  a  Pasta,  a 
Malibran,  or  a  Jenny  Lind  reached  the  ear. 

Table  of  the  Varieties  of  Pitch. 
When  any  note  but  C  is  the  pitch  note,  the  pitch  of  C  is  cal- 
culated from  it  according  to  the  semitonic  temperament  of  twelve 
equal  semitones  if  not  otherwise  expressed,  or  according  to  the 
mesotonic  temperament  or  system  of  perfect  major  thirds. 


No. 


Authority. 


Pitch  notes. 


Dr.  Smith,  organ  of  Trinity  College,  Cambridge, 
1758;  ^3—-,—-  rf=262  (mesotonic) 


2. 

3. 

5. 

6. 
10. 
14. 
17. 
18. 
19. 
21. 


Usual  organ  pitch 

Handel's  tuning-fork,  1740  (mesotonic)  

Theoretical  pitch,  HuUah  and  Tomlinson,  1842. 

Philharmonic  (1812-42)     

French  normal  diapason  (1859) 

Stuttgardt  Congress  of  Musicians  (1834) 

Vienna  Orchestra,  1834  (Sclileibler)    

Berlin  Orchestra,  1834  (Schleibler) 

Society  of  Arts,  London  (1860)    

Italian  Opera,  1860  (Society  of  Arts'  Report).., 


416 


433 

435 

440 

440-87 

441-625 


455 


233-42 

240-00 

247-35 

256 

257-47 

258-66 

261-63 

262-14 

262-59 

264 

270-55 


N.B. — The  pitch  is  here  considered  as  the  number  of  double 
vibrations  in  a  second.  In  France  and  Germany  the  number  of 
single  vibrations  is  usually  taken,  and  hence  the  preceding  figures 
would  be  doubled.  Thus  the  French  normal  diapason  is  called870. 
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Shortly  after  the  commencement  of  the  present  century  there 
arrived  in  this  country  German  performers  on  wind  instruments 
whose  pitch  was  much  more  acute  than  that  of  our  standard. 
An  opinion  then  prevailed  that  the  tones  of  wind  instruments 
were  improved  by  this  higher  pitch,  and  under  this  impression 
the  Philharmonic  Society  and  the  orchestral  departments  of 
the  theatres  acceded  to  this  strange  notion,  or  what  might  rather 
be  termed  delusion. 

The  effect  of  this  alteration  in  the  fundamental  pitch  of  music 
has  been  very  important.  The  pianoforte-makers  have  been 
obliged  to  shorten  the  strings  of  their  instruments ;  the  organ- 
builders  to  shorten  their  pipes  ;  the  tlute-makers  to  cut  off  a  poi'- 
tion  of  the  length  of  their  tubes ;  and  what  is  termed  the  opera 
pitch  has  transformed  the  C  of  the  olden  time  into  D  ;  and  since 
Natui'e  has  made  no  corresponding  change  in  the  length  of  the 
cords  of  the  vocal  organs  of  the  human  race,  it  is  manifest  that 
some  changes  must  be  made,  either  to  adapt  musical  composi- 
tions to  the  changes  in  musical  pitch,  or  to  reduce  the  standard 
pitch  conformably  to  the  structure  of  the  human  organs,  in  order 
to  render  their  execution  possible. 

It  has  been  already  stated  that  the  greater  portion  of  our  best 
music  was  composed  at  a  period  when  the  tuning-fork  made 
about  512  vibrations  for  C,  This  is  the  case  in  the  works  of 
Handel,  Mozart,  Beethoven,  and  in  the  old  madrigals  and  masses. 
Let  us  suppose  a  person  has  a  tenor  voice  whose  limit  on  the 
old  scale  of  pitch  is  A.  He  can  no  longer  sing  the  same  music 
when  A  is  transformed  into  B.  Take,  again,  the  soprano  or  alto, 
where,  with  the  new  pitch,  the  music  is  rendered  impossible  of 
execution.  We  find  accordingly  that,  in  order  to  diminish  the 
evils  which  the  present  pitch  has  inflicted  on  the  human  voice,  a 
large  number  of  Handel's  and  Mozart's  popular  songs  have  been 
transposed  by  Callcott  and  others  into  lower  keys,  so  as  to  bring 
them,  for  private  use,  into  a  pitch  as  near  as  possible  to  that  in 
use  in  the  time  of  the  composers.  This  is,  however,  only  a  partial 
remedy  for  the  much  greater  evil,  since  it  leaves  the  entire  works 
of  these  great  masters  untouched  as  far  as  relates  to  their  per- 
formance in  public.  Now,  although  this  may  be  easily  effected 
in  short  pieces  of  music,  no  one  would  think  of  changing  the 
key  for  such  a  work  as  the  Messiah,  or  a  whole  Mass ;  and  yet 
many  singers  can  no  longer  join  in  the  execution  of  these  cele- 
brated productions.  It  must  not  be  forgotten  that  in  this  age 
of  vocal  harmony,  music  was  intended  for  assemblages  of  choral 
performers,  and  not  merely  for  the  few  who  possess  such  an 
extended  range  of  voice  as  would  enable  them  to  disregard  the 
change  of  pitch. 

"We  come  now  to  the  effects  produced  on  the  organs  of  voice 
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by  straining  the  vocal  cords  beyond  their  proper  tension,  A 
young  lady,  endowed  with  a  fine  soprano  voice  reaching  to  C  in 
alt.  or  1024  vibrations,  by  straining  the  vocal  cords  on  that  note 
raised  to  D,  lost  the  power  of  exercising  her  voice  for  musical 
purposes  during  nearly  three  years.  Even  Madame  Goldschmidt 
complains  of  the  strain  which  the  change  of  pitch  has  produced 
in  her  vocal  organs;  and  it  is  well  known  what  an  extended 
range  of  flute-like  sounds  this  charming  and  accomplished  singer 
possessed.  Further,  it  is  well  known  that  the  tones  at  the 
extreme  limits  of  phonation  are  never  so  pure  in  quality,  or  so 
agreeable  to  listen  to,  as  the  notes  within  those  limits ;  and 
moreover,  when  in  order  to  execute  a  given  note  the  vocal  cords 
are  stretched  beyond  their  normal  elastic  length,  they  do  not 
always  so  readily  regain  their  tone  of  elasticity;  and  if  tliis  be 
permanently  impaired,  the  voice  loses  some  of  its  range  of  notes, 
and  will  be  unable  to  regain  the  power  to  execute  the  melody"'as 
before.  The  struggle  to  execute  a  pitch  beyond  the  normal 
limits  sometimes  gives  rise  to  spitting  of  blood,  and  has  been 
known  to  produce  apoplexy.  These  circumstances  are  surely 
sufficient  to  render  the  reduction  of  the  pitch  of  C  to  its  former 
limit  of  512  vibrations  imperatively  necessary. 

The  principle  we  wish  to  impress  is,  that  the  pitch  of  musical 
instruments  intended  to  accompany  the  human  voice  should  be 
made  subordinate  to  the  anatomical  structure  and  mechanism  of 
the  human  organs,  instead  of  the  latter  being  rendered  subor- 
dinate to  the  former.  Consequently  the  pitch  of  C  should  again 
be  512  vibrations;  and  we  advise  all  persons  interested  in  the 
choice  of  pianos  and  other  musical  instruments  intended  for 
vocal  accompaniments,  to  insist  upon  having  them  of  that  pitch. 

There  appears  to  have  been  a  general  complaint  against  the 
present  pitch  of  our  musical  instruments  by  almost  all  the 
higher  class  of  singers ;  and  on  appealing  to  one  of  the  most 
scientific  of  our  pianoforte-makers  for  his  opinion,  he  stated 
that  the  pitch  had  ruined  many  a  fine  voice,  but,  as  long  as  the 
public  demand  for  the  higher  pitch  remains,  it  is  not  in  the 
power  of  the  instrument-maker  to  remedy  the  evil.  We  know 
how  strongly  Sir  John  Herschel  protested  against  the  decision 
of  the  Committee  of  the  Society  of  Arts,  and  all  parties  appear 
to  have  considered  the  decision  at  which  they  arrived  as  only 
a  temporary  measure;  and  its  complete  failure  to  produce  uni- 
formity is  a  confirmation  of  his  views,  and  shows  the  necessity 
for  further  investigation. 

These  remarks  have  not  been  written  as  a  mei-e  theory,  but  in 
consequence  of  the  numerous  cases  of  injury  to  the  human  organs 
of  voice  from  the  above-mentioned  causes  which  have  been  from 
time  to  time  submitted  to  the  author^s  opinion. 
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XLIII.   On  the  Cohesion-Figures  of  Liquids. 
By  Charles  Tomlinson,  F.C.S.* 
[With  Two  Plates.] 

AT  the  Meeting  of  the  British  Association  at  Manchester  in 
1861j  I  had  the  honour  of  submitting  to  the  Chemical 
Section  a  subject  then  new  to  science,  namely,  the  cohesion- 
figures  of  liquids.  In  the  memoir  that  was  rcadf,  I  endeavoured 
to  show  that  when  a  drop  of  an  independent  liquid  (that  is,  not 
a  solution)  is  gently  deposited  from  the  end  of  a  glass  rod  or 
from  the  point  of  a  drop])ing-tube  upon  chemically  clean  water 
in  a  chemically  clean  glass,  the  drop  flashes  out  into  a  definite 
figure  as  it  enters  into  solution  or  diffuses  over  the  surface. 
Each  figure  is  characteristic  of  the  liquid,  and  is  a  function  of 
the  cohesive  force  and  diffusibility  of  the  liquid,  and  the  adhe- 
sion of  the  surface  on  which  it  is  deposited.  The  figure  may 
also  probably  be  represented  in  other  ways.  It  may  be  a  function 
of  the  solubility  and  the  diffusibility  of  the  liquid  in  question, 
or  of  the  solubility,  the  density,  and  .the  molecular  attraction; 
while  in  the  case  of  certain  figures  which  are  produced  beneath 
the  surface,  and  which  I  have  named  submersion  Jiyures,  each 
figure  seems  to  be  a  function  of  the  solubility,  the  density,  and 
the  molecular  attraction. 

In  the  production  of  cohesion-figures,  water  is  the  most  con- 
venient adhesion  surface.  It  must  be  contained  in  a  glass  that 
is  kept  chemically  clean  by  occasional  washing  in  sulphuric  acid 
or  in  a  solution  of  caustic  potash,  so  that  the  water,  which  need 
not  be  distilled,  may  present  a  chemically  clean  surface.  A 
shallow  glass  about  4  inches  in  diameter  is  adapted  to  these 
experiments.  I  have  had  a  number  of  such  glasses  made  for  the 
purpose,  and  have  placed  a  cou])le  of  them  upon  the  table.  The 
temperature  best  adapted  for  these  experiments  is  that  of  an 
ordinary  room,  which  in  winter  or  summer  may  be  taken  at 
about  00°.  I  have  not  studied  these  figures  by  artificial  light, 
but  have  been  informed  that  they  admit  of  being  reflected  in  an 
enlarged  form  so  as  to  be  seen  by  an  audience.  I  have  published 
various  precautions  respecting  these  figures,  both  with  respect  to 
temperature  and  variations  in  the  area  of  the  adhesion  surface. 
I  have  also  shown  how  these  figures  may  be  applied  to  the  de- 
tection of  adulteration  in  liquids,  and  also  how  suggestive  manj' 
of  these  figures  might  be  to  the  pattern-designer,  from  the  great 
beauty  and  novelty  of  form  and  the  exquisite  harmony  of  colours 
displayed  in  them  J. 

*  Communicated  bj-  the  Author,  having  been  I'ead  before  the  British 
Association  at  Bath,  September  15,  1864. 

t  Phil.  Mag.  for  October  18(51.  |  Ibid.  March  1862. 
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In  order  that  the  application  of  this  subject  to  qualitative 
analysis  might  be  brought  more  directly  before  the  attention  of 
persons  who  would  value  an  easy  and  expeditious  test,  I  read  a 
paper  before  the  Pharmaceutical  Society  in  February  last,  "  On 
the  Verification  of  Castor  Oil  and  Balsam  of  Copaiba  by  means  of 
their  Cohesion-figures/^  These  two  liquids  were  selected  to  in- 
troduce the  subject  of  cohesion-figures  in  general,  and  its  appli- 
cation as  a  rough  and  ready  test.  The  members  were  so  much 
interested  in  the  subject  that  they  requested  me  to  furnish  their 
engraver  with  some  figures  for  insertion  in  their  journal,  and 
also  to  state  what  variations  took  place  in  the  figure  of  castor  oil 
from  various  markets  and  of  various  growths.  Accordingly  I 
examined  twelve  specimens  of  castor  oil  collected  from  different 
soui'ces,  together  with  three  or  four  specimens  of  balsam  copaibje, 
and  wrote  a  report  on  the  same,  which  will  be  found  in  the 
Society^s  Journal*. 

In  order  to  invite  attention  to  the  commercial  oils,  I  read  a 
paper  in  March  last  before  the  Society  of  Arts,  "  On  the  Verifi- 
cation of  Olive-oil  by  means  of  its  Cohesion-figure."  The  sub- 
ject excited  some  interest  and  discussion f- 

In  these  communications  I  endeavoured  to  show  that  the  co- 
hesion-figure of  the  same  substance  is  liable  to  certain  variations 
in  different  specimens,  especially  in  the  case  of  the  oils,  which 
may  be  more  or  less  viscid,  more  or  less  acidified  or  resinified. 
1  do  not  here  refer  to  the  variations  arising  from  adulteration 
and  admixture ;  for  this  point  is  insisted  on  in  all  my  papers. 
But  I  was  not  unmindful  of  the  changes  likely  to  be  induced  by 
age;  for  in  my  paper  published  in  March  1862  (Philosophical 
Magazine),  I  state  that  the  cohesion-figure  of  the  oil  of  lavender, 
for  example,  may  vary  in  different  specimens,  since  it  varies  in 
density  from  0-87  to  0*94.  The  cohesion-figure  of  the  oil  of  laven- 
der is  so  striking  that  I  was  induced  to  try  a  number  of  speci- 
mens in  1861,  and  in  all  of  them  I  obtained  the  peculiar  Carra- 
geen-moss pattern — unless,  as  was  often  the  case,  the  specimen 
had  been  adulterated  with  turpentine,  in  which  case  there  was 
no  difficulty  in  detecting  the  adulteration.  I  also  found  that  an 
essential  oil,  entirely  different  from  that  of  lavender  in  its  pro- 
perties and  cohesion-figure,  and  also  of  less  density,  might  be 
made  to  give  a  somewhat  similar  cohesion-figure  by  dissolving  a 
small  portion  of  camphor  in  it  under  a  gentle  heat,  so  as  to  bring 
it  to  about  the  same  density  and  texture  as  oil  of  lavender.  I 
stated  in  my  first  paper,  that  if  two  independent  liquids  could  be 
found  of  the  same  density  and  physical  molecular  constitution 
(that  is,  equally  fluid  or  viscid,  &c.),  they  would  form  the  same 

*  Pharmaceutical  Journal  for  March  and  April  1864. 
t  Society  of  Arts  Journal  for  March  4,  1864. 
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cohesion-figure  on  water,  although  of  different  chemical  consti- 
tution. Dr.  Gladstone  has  has  been  so  kind  as  to  send  me  a 
specimen  of  salicylate  of  methyle,  GIF,  G^  H'^0^,  which  gives  a 
figure  somewhat  resembling  that  of  oil  of  lavender — arising,  I 
have  no  doubt,  from  a  similar  physical  constitution.  Cases  of 
this  kind  must  be  rare,  and  are  not  likely  to  interfere  with  the 
application  of  cohesion-figures  as  a  test.  A  much  more  serious 
objection  is  the  alteration  which  oils  undergo  by  long  keeping. 
The  specimens  of  oil  of  lavender,  for  example,  which  in  1861 
gave  the  Carrigeen-moss-pattern  figure,  were  so  changed  in  1864< 
as  to  give  only  a  plain  film  without  any  distinctive  character. 
On  redistilling  these  oils,  however,  so  as  to  get  rid  of  oxidized 
products,  the  distillate  produced  the  lavender-oil  pattern  as  it 
did  in  1861. 

On  the  other  hand,  the  method  is  occasionally  so  delicate  as 
to  excite  the  surprise  of  persons  who  have  sought  in  vain  for  a 
method  of  detecting  differences  in  oils  &c.  which  they  largely 
use  in  the  course  of  their  trade.  For  example,  a  manufacturer 
informed  me  that  it  would  be  a  great  thing  for  him  to  be  able 
to  detect  the  difference  between  beef-oleine  and  mutton-oleine. 
The  respective  cohesion-figures  of  these  substances  show  the  dif- 
ference plainly.  Again,  balsam  copaibse  is  often  adulterated 
with  castor  oil,  for  the  detection  of  which  the  usual  tests  are 
either  troublesome  or  inadequate.  The  method  of  cohesion- 
figures  detects  the  adulteration  immediately.  Again,  olive  oil 
is  frequently  mixed  with  poppy  oil,  or  sesame-seed  oil ;  not 
only  may  these  mixtures  be  detected  by  means  of  their  cohesion- 
figures,  but  also  the  relative  proportions  of  the  respective  oils. 

Although  for  all  practical  purposes  water  would  be  used  as 
the  adhesion  surface  in  the  production  of  these  figures,  consider- 
able interest  arises  from  noting  changes  undergone  by  the  figures 
when  other  surfaces  are  used.  In  my  first  paper,  in  1861,  it 
was  stated  that  wood-spirit  on  the  surface  of  mercury  gave  a 
very  different  figure  from  wliat  it  did  on  the  surface  of  water; 
and  in  my  second  paper  (Phil.  Mag.  March  1862)  I  described 
the  cohesion-figures  of  watei-,  ether,  and  alcohol  on  the  surface 
of  sulphuric  acid,  and  also  those  of  one  or  two  essential  oils  on  the 
surface  of  acetic  acid.  I  have  lately  obtained  a  large  variety  of 
figures  by  experimenting  on  such  adhesion  sui-faces  as  those  of 
cocoa-nut  oil,  castor  oil,  parafiin,  spermaceti,  white  wax,  olive 
oil,  lard,  and  sulphur.  Of  course  the  substances,  such  as  pa- 
raffin, wax,  &c.,  which  are  solid  at  ordinary  temperatures,  were 
melted  for  the  purpose  of  these  experiments.  Too  high  a  tem- 
perature was  found  to  be  disadvantageous,  on  account  of  the  ten- 
dency of  the  drop  to  assume  the  spheroidal  state.  Lard  is  ad- 
vantageous, on  account  of  the  length  of  time  that  it  remains 


Mr.  C.  Tomlinson  on  the  Cohesion- Figures  of  Liquids.      357 

fluid  after  having  been  tlioroughly  melted.  Castor  oil  was  used 
at  various  temperatures,  but  some  of  the  finest  figures  were  ob- 
tained on  its  surface  at  the  ordinary  temperature  of  the  air  of 
the  room.  Fine  figures  were  also  obtained  on  the  surface  of 
cold  olive  oil.    Some  of  these  figures  are  represented  in  Plate  VI. 

Cocoa-nut  Oil. — A  drop  of  ether  flattened  into  a  very  perfect 
disk  about  two-eighths  of  an  inch  in  diameter :  this  was  sur- 
rounded by  a  dentated  ring,  from  which  proceeded  a  multitude 
of  rays,  as  shown  in  PI.  V.  fig.  4.  The  best-defined  figure  was 
obtained  when  the  temperature  of  the  surface  was  about  80°. 

Alcohol  produced  a  disk  about  three-fourths  of  an  inch  in  dia- 
meter, with  a  small  boss  in  the  centre  surrounded  by  a  number 
of  concentric  circles  faintly  tinted  with  iridescent  colours,  while 
the  edge  of  the  disk  was  delicately  fringed  with  very  short  radial 
lines.  The  figure  was  first  of  the  size  shown  in  fig.  1,  No.  1  ; 
it  then  expanded  to  No.  2,  and  disappeared  by  closing  in  upon 
its  centre.  The  figure  was  quite  sharp  and  distinct,  giving  the 
idea  of  a  lid  of  a  box  turned  in  the  lathe.  The  best  result  was 
obtained  when  the  surface  was  at  about  90°. 

Benzole  gave  a  figure  about  2  inches  in  diameter,  consisting  of 
a  central  depressed  disk  about  three-eighths  of  an  inch  in  diameter, 
with  a  slight  conical  projection  in  the  centre  and  suri-ounded  by 
a  broad  smooth  flat  ring  terminating  in  a  sharply-cut  edge.  Oil 
of  turpentine  gave  a  somewhat  similar  figure,  only  the  outer 
edge  was  wavy.  Paraffin  oil  and  Persian  naphtha  also  give 
figures  of  the  same  type.  Oil  of  lavender  gave  a  central  disk, 
from  which  issued  wa\y  processes  which  were  torn  away  by  the 
adhesion  of  the  surface. 

Castor  Oil. — When  the  oil  is  at  about  94^  F.,  a  drop  of  ether 
forms  a  large  figure  bounded  by  a  well-defined  circular  edge,  in 
the  centre  of  which  figure  is  a  plain  disk  suri'ounded  by  a  narrow 
plain  line ;  just  outside  the  disk  is  the  engine-turned  pattern, 
and  beyond  this,  as  far  as  the  boundary  edge,  the  disk  is  quite 
smooth.  The  engine-turned  pattern  seems  to  be  produced  by 
the  revolution,  or  rather  oscillation,  of  the  central  disk  on  the 
heated  surface.  On  cold  castor  oil  the  ether  figure  consists  of  a 
central  boss  surrounded  by  rippled  waves,  very  much  like  the 
rose-pattern  of  the  turner.     Fig.  3  represents  these  two  figures. 

When  the  oil  is  at  94°,  a  drop  of  alcohol  forms  a  central  star 
in  a  large  disk  surrounded  by  iridescent  rings.  But  a  finer  figure 
is  produced  on  cold  castor  oil :  the  drop  spreads  out  into  a  large 
disk  with  broad  iridescent  bands  just  within  the  sharp-cut  edge; 
having  attained  a  diameter  of  about  3  inches,  it  retreats  towards 
the  centre,  leaving  a  beautiful  network  of  minute  globules.  A 
drop  of  camphorated  spirit  produces  a  still  finer  figure,  an  idea 
of  the  beauty  of  which  can  scarcely  be  conveyed  in  words.     A 
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figure  of  a  similar  type  is  produced  on  the  surface  of  oJive  oil 
(see  PI.  V.  fig.  6),  and  will  be  described  further  on. 

The  benzole  figure  at  83°  consists  of  a  small  central  disk  sur- 
rounded by  an  engine-turned  pattern,  beyond  which  i-ippled 
waves  extend  to  the  circumference  of  a  large  figure.  On  the 
cold  oil  the  engine-turned  pattern  is  wanting  (see  tig.  11).  Pa- 
raffin oil  gives  a  somewhat  similar  figure.  The  turpentine  figure 
consists  of  a  central  boss  surrounded  by  a  large  fiat  ring.  On 
the  cold  oil,  a  drop  of  oil  of  cajuput  has  a  central  depression  sur- 
rounded by  a  large  flat  ring. 

Paraffin. — Solid  paraffin  was  melted  in  an  evaporating-dish, 
and  after  the  heat  had  been  removed  and  the  surface  had  become 
tranquil,  a  drop  of  ether,  allowed  to  fall  on  the  surface  at  180°, 
was  at  first  spheroidal ;  it  then  flattened  down,  and  by  its  evapo- 
ration solidified  a  portion  of  the  paraffin  with  which  it  was  in 
contact;  the  solidified  portion  rushed  wildly  about  under  the 
retroactive  force  of  a  little  remaining  ether,  until  it  disappeared 
by  solution  in  the  liquid  paraffin. 

Alcohol  formed  a  disk  which  sailed  about,  shooting  out  flat 
disks  resembling  petals,  so  as  to  give  the  figure  the  appearance 
of  a  flower  (see  PL  V.  fig.  5). 

Paraffin  oil  formed  a  disk  which  sailed  about  with  much  agi- 
tation, sending  off"  waving  lines.  The  oils  of  turpentine  and 
cajuput,  and  some  others,  solidified  a  portion  of  the  paraffin — in 
some  cases  permanently,  while  in  others  the  solidified  portions 
moved  about  over  the  surface. 

Olive  oil  and  pure  tallow  oil  assumed  the  spheroidal  state  on 
the  surface  at  180°,  and  then  sank. 

Spermaceti. — On  the  surface  of  melted  spermaceti  a  drop  of 
ether  becomes  spheroidal,  or,  if  the  temperature  be  not  too  high, 
flattens  down  into  a  small  raised  disk  which  spins  rapidly ;  or  it 
may  solidify  a  portion  of  the  spermaceti,  when  the  solid  portion 
darts  about  in  wide  sweeps  rapidly  over  the  surface  until  it  is 
again  taken  up  by  the  liquid. 

Alcohol,  wiieu  the  surface  is  at  about  160°,  forms  a  well-defined 
disk  with  a  waving  border  and  concentric  rings,  and  a  delicately 
fringed  iridescent  edge  (see  fig.  2) ;  but  at  a  lower  temperature 
(about  116°)  it  solidifies  a  portion  of  the  spermaceti  into  the 
form  of  a  small  coracle,  which  sails  about  carrying  its  small  cargo 
of  alcohol.  Turpentine  at  121°  behaves  in  a  similar  manner, 
only  the  solidified  portion  breaks  up  and  darts  about.  Oil  of 
cajuput  at  127°  forms  a  large  disk  with  a  faint  depressed  centre. 
Benzole  forms  a  large  plain  disk,  in  the  centre  of  which  is  a 
small  spinning  disk  with  a  raised  conical  projection  in  the  centre. 
Camphorated  spirit  slightly  chills  the  spermaceti,  rotates  in  the 
form  of  a  small  lens  or  boss  with  an  agitated  kind  of  motion ; 


Mr.  C.  Tomliuson  on  the  Cohesion-Figures  of  Liquids.      359 

then  settles  clown  into  a  charming  star-like  figure  surrounded 
by  rings  and  iridescent  colours,  and  a  sharp  boundary  line.  In 
one  case  the  central  boss  slipped  off  the  figure,  leaving  the  disk 
with  its  iridescent  rings,  &c.  complete. 

White  Wax. — With  the  surface  at  142°,  ether  solidified  a  por- 
tion which  rushed  wildly  about.  Alcohol  solidified  a  portion  in 
the  form  of  a  ring,  which  immediately  broke  up  and  was  dispersed 
in  radial  lines,  while  the  alcohol  settled  down  into  a  small 
sharply-defined  disk.  At  a  higher  temperature,  such  as  170°,  a 
drop  of  alcohol  will  solidify  a  cup-shaped  cavity  for  its  reception ; 
but  if  the  drop  be  held  for  a  short  time  over  the  surface  so  as  to 
become  warmed,  it  at  once  subsides  into  a  sharp  well-turned  disk. 

Lard. — Good  figures  are  formed  on  the  surface  of  melted  lard 
with  ether,  alcohol,  and  the  oils  of  turpentine,  savin,  paraffin, 
lavender,  and  some  others.  A  drop  of  camphorated  spirit 
formed  a  very  beautiful  figure,  some  idea  of  which  may  be 
gathered  from  fig.  7.  The  rippled  concentric  circles  display 
several  of  the  orders  of  Newton's,  or  rather  of  Nobili's  rings. 

Olive  Oil. — A  fresh  flask  of  the  variety  of  this  oil  known  as 
extra  sublime,  was  opened  for  the  purpose,  and  portions  of  it 
were  poured  into  the  ordinary  4-inch  cohesion-figure  glasses.  It 
answers  admirably  as  an  adhesion  surface  at  ordinary  tempera- 
tures. A  drop  of  ether  produces  a  small  beautiful  figure,  con- 
sisting of  a  disk  surrounded  by  rays.  Alcohol  forms  a  disk  about 
3  inches  in  diameter;  the  drop  diffuses  well,  and  the  disk  is 
perfectly  circular,  with  a  central  boss.  Iridescent  rings  contain- 
ing the  colours  of  four  or  five  orders  fringe  the  edge  of  the  disk 
in  broad  bands,  and  outside  this  large  disk  is  a  fainter  and  more 
shadowy  disk.  When  the  figure  is  fully  developed,  it  rapidly 
opens,  and  closes  in  upon  the  centre  like  a  curtain  being  drawn 
in,  and  so  vanishes,  leaving  no  trace  behind.  Camphorated 
spirit  (fig.  6)  is  even  more  beautiful  and  persistent  than  alcohol ; 
the  iridescent  rings  are  dentated,  and  this  adds  greatly  to  their 
beauty ;  the  film,  which  is  of  a  very  large  size,  retreats  slowly 
inwards  to  the  centre,  leaving  the  camphor  in  the  form  of  minute 
dots  disposed  in  radial  lines;  these  lines  in  their  turn  retreat 
towards  the  centre,  where  the  camphor  collects  in  the  form  of  a 
flat  ring. 

Benzole  forms  a  large  plain  disk  with  a  cavity  in  the  centre. 
Turpentine,  cajuput,  and  lavender  also  form  disks;  but  the 
most  curious  figure  is  given  by  a  drop  of  pure  wood-spirit.  It 
flashes  out  into  a  disk  about  1|  inch  in  diameter,  then  retreats 
inwards  with  the  elasticity  of  a  spring,  leaving  a  delicate  fringe 
made  up  of  innumerable  small  dots;  the  disk  then  becomes 
toothed  at  the  edge  so  as  to  give  it  the  appearance  of  a  small 
circular  saw ;  the  disk  retreats  inwards,  and  the  point  of  each 
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tooth  projects  a  number  of  globules,  the  ultimate  figure  beiug  a 
small  disk  in  the  centre  with  an  immense  number  of  dots  radia- 
ting towards  it.  In  fig.  9  an  attempt  is  made  to  represent  this 
effect,  first  as  the  figure  is  exjianding,  and  secondly  as  it  is  retreat- 
ing. On  cold  castor  oil  a  similar  figure  is  produced,  only  the  dots 
are  more  numerous  and  finer ;  and  there  is  a  very  curious  differ- 
ence in  the  figure  of  a  drop  of  the  wood-spirit  of  commerce  as 
compared  with  that  of  the  pure  spirit.  On  cold  olive  oil  and  on 
lard  at  120°,  or  on  cocoa-nut  oil  at  a  lower  temperature,  the 
drop  of  impure  spirit  forms  a  small  lens  with  ten  or  twelve  short 
blunt  arms  projecting  from  it  (see  fig.  10),  and  each  arm  shoots 
out  a  multitude  of  globules ;  and  not  doing  so  in  equal  times 
from  each  arm,  there  is  a  reactionary  movement,  which  causes 
the  disk  to  describe  half  a  turn  in  one  direction  and  then  half  a 
turn  in  an  opposite  direction,  the  effect  of  which  is  to  dispose 
the  dots  not  in  radial,  but  in  curved  lines,  the  curves  often  bend- 
ing in  opposite  directions.  The  formation  of  the  figure  is  suffi- 
ciently slow  to  allow  it  to  be  studied,  and  the  effect  is  very  curious. 
The  difference  between  the  two  figuVes  distinguishes  the  pure 
from  the  im})ure  spirit  in  a  very  marked  manner.  It  should  be 
noticed  that  the  surface  of  the  oil  soon  becomes  saturated,  so 
that  not  more  than  two  or  three  figures  can  be  produced  in  suc- 
cession ;  but  by  wiping  the  surface  with  a  piece  of  filtering  paper, 
its  adhesion  is  restored. 

Sulphur. — When  sulphur  is  melted  so  as  to  be  sufficiently 
liquid  to  pour  easily,  some  good  figures  may  be  formed  on  its 
surl'ace.  A  drop  of  ether  at  first  assumes  the  spheroidal  state ; 
it  then  forms  a  boss  surrounded  by  two  or  three  rings  of  the 
thinnest  orders  of  colour,  steel-blue  prevailing,  and  the  figure  is 
bounded  by  an  excentric  ring  some  way  ofi".  Benzole  forms  a 
good  figure,  consisting  of  a  boss,  an  irregular  star  from  which 
small  lenses  are  shot  out,  and  these  are  circumscribed  by  a  flat 
circle  (PI.  V.  fig.  15).  Oil  of  lavender  forms  a  boss  surrounded 
by  iridescent  rings  in  waving  lines,  then  a  large  silvery  space, 
and  a  narrow  boundary  ring  of  irides-ceut  colours  (see  fig.  13).  The 
oils  of  rosemary,  turpentine,  and  parafiin  form  each  a  boss  sur- 
rounded by  large  wavy  iridescent  clouds  of  most  brilliant  metal- 
lic colours,  paraffin  oil  being  most  brilliant  of  all.  Creosote  and 
carbolic  acid  form  disks  which  flatten  out  into  waving  figures  (see 
fig.  12).  The  figure  formed  by  camphorated  spirit  is  shown  in 
fig.  8.  Camphor  moves  about  over  the  surface;  water  forms 
and  occupies  a  cup-shaped  cavity,  solidifying  the  sulphur  as  it 
evaporates. 

Submersion  Figures. 

In  the  Philosophical  Magazine  for  June  1864, 1  have  described 
a  new  variety  of  the  cohesion-figures  of  liquids,  in  which  the 
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drop,  instead  of  diflfusing  over  the  surface  of  the  adhesion  liquid, 
sinks  into  it  and  diffuses  through  it.  For  this  purpose  a  column 
of  liquid  in  a  cylindrical  glass  is  employed.  When  water  is  used, 
a  few  drops  of  a  strong  solution  of  ammonia,  or  of  oxalate  of 
ammonia,  or  of  alum  are  added,  for  the  purpose  of  throwing  down 
the  lime,  and  also  of  assisting  in  the  development  of  the  figure. 
A  strong  solution  of  cochineal  in  water  forms  a  figure  which  is 
typical  of  a  number  of  cases  of  this  kind  of  diffusion,  A 
single  drop  on  the  surface  sinks  down,  opens  into  a  ring,  which 
becomes  depressed  at  two  opposite  points,  and  lets  down  lines 
with  other  rings  attached  to  them ;  while  each  ring,  at  90 
from  the  point  of  attachment  of  each  line,  lets  fall  two  other 
lines  with  a  ring  attached,  which  ring  in  like  manner,  from 
two  points  90°  distant  from  the  line,  lets  fall  other  lines ;  and 
in  this  way  the  figure  is  developed  slowly  and  symmetrically. 
Oil  of  lavender  in  a  column  of  spirits  of  wine  behaves  in  a  simi- 
lar manner,  only  the  figure  is  much  more  complicated  and 
crowded.  A  drop  of  fousel  oil  in  a  column  of  paraffin  oil  passes 
through  some  complicated  changes  resulting  in  a  kind  of  pointed 
dome,  the  lower  edge  of  which  is  cut  into  four  symmetrical 
arches ;  from  the  springing  of  each  pair  of  arches  a  line  is  let 
down,  and  from  the  extremity  of  this  proceeds  four  smaller 
domes  similarly  arched,  and  letting  down  four  other  lines  and 
four  other  still  smaller  domes,  forming  a  figure  which  lasts  a 
considerable  time,  exciting  surprise  in  all  who  have  seen  it  by 
the  kind  of  architectural  symmetry  produced.  Figures  of  another 
type  are  formed  in  columns  of  benzole,  of  ether,  &c.  In  some 
cases  very  perfect  rolling  rings  are  formed,  for  the  details  of 
which  I  must  refer  to  my  paper,  my  business  today  being  to 
point  out  a  variety  of  other  forms  of  cohesion-figures  by  submer- 
sion; for  which  purpose  cylindrical  columns  of  cocoa-nut  oil, 
castor  oil,  paraffin,  spermaceti,  white  wax,  lard,  and  olive  oil 
were  used  as  in  the  case  of  cohesion -figures  on  the  surface.  Heat 
must  be  employed  when  necessary;  but  the  best  results  are 
obtained  with  the  cold  oils,  or  with  only  just  a  sufficient  amount 
of  heat  to  render  the  solid  substances  fiuid.  Indeed  the  figures 
vary  considerably  with  considerable  diff'erences  of  temperature, 
not  only  with  substances  which  require  to  be  melted,  but  with 
oils  which  are  fluid  at  ordinary  temperatures. 

Cocoa-nut  Oil. — When  a  column  was  at  about  160*^,  a  drop  of 
patchouli  oil  flashed  out  into  rings  and  festoons.  Oil  of  cloves 
formed  a  wide  ring,  from  which  proceeded  numerous  festoons 
and  small  rings ;  oil  of  cinnamon  two  or  three  large  rings  and 
festoons.  Oil  of  cummin  descended  as  a  riband  with  a  globule 
attached,  from  which  proceeded  upwards  a  dome  cut  into  arches 
with  lines  termine^ted  by  knobs  at  the  springing  of  each  pair  of 
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arches.  Balsam  copaibae  (when  the  oil  was  at  165°)  descended 
in  the  form  of  a  single  thick  glassy  ring  of  perfect  structure. 
Some  of  the  fixed  oils  formed  pretty  figures  in  a  column  at  110°. 
Colza  descended  in  the  form  of  a  cup  with  the  edges  turned  over 
and  inwards,  suspended  by  a  line  from  the  surface  of  the  column 
to  the  centre  of  the  cup.  Linseed  oil  also  forms  a  hemispherical 
cup  with  the  edges  turned  over,  but  without  the  suspending  line. 
Sesame  a  similar  figure,'  only  instead  of  the  suspending  line  there 
was  an  arched  projection  in  the  centre  of  the  cup.  Castor  oil 
sank  rapidly  in  the  form  of  a  cup  with  the  edges  turned  over 
and  inwards.  Some  of  these  figures  are  represented  in  Plate  VI. 
and  are  marked  a,  b,  c,  d,  e. 

Castor  Oil,  Olive  Oil. — A  column  of  each  of  these  oils  is  well 
adapted  for  the  exposition  of  sets  of  figures  diflPering  in  many 
particulars,  but  all  distinguished  by  a  bulb  and  a  stem.  Each 
figure  may  be  compared  to  a  thermometer  with  a  small  bulb 
and  a  long  delicate  stem.  For  example,  when  a  drop  of  oil  of 
cloves  is  deposited  on  the  surface  of  a  column  of  cold  castor  oil, 
6  or  7  inches  in  length,  the  greater  portion  sinks  beneath  the 
surface  (see  No.  1),  while  the  remaining  portion  forms  a  disk 
on  the  surface,  attached  to  the  submerged  globule  by  means  of  a 
short  neck  (see  No.  2).  The  weight  of  the  globule  drags  upon 
the  disk  and  forms  it  into  a  conical  cavity,  containing  a  speck  of 
air,  which,  as  the  disk  collapses  by  the  weight  of  the  descending 
globule,  becomes  enclosed  and  is  drawn  out  with  a  portion  of  the 
oil  of  cloves  into  the  form  of  a  long  narrow  tube  (No.  3) :  the 
disk  at  the  surface,  now  reduced  to  the  diameter  of  the  tube, 
remains  attached  to  the  surface,  and,  indeed,  is  so  persistent  in 
its  character  that,  long  after  the  bulb  has  spread  over  the  bot- 
tom of  the  vessel,  this  tube  or  thread  remains  attached  to  its 
moorings  at  the  surface,  and  even  interferes  with  the  proper 
development  of  a  second  figure  in  the  same  column  if  the  latter 
be  narrow.  As  the  tube  is  drawn  out  by  the  descending  globule, 
its  material  is  supplied  partly  by  the  surface  of  the  globule,  and 
partly  by  the  medium,  namely  the  castor  or  olive  oil.  The  lat- 
ter, in  passing  over  the  surface  of  the  oil-of-cloves  spheroid, 
detaches  a  portion  of  its  substance,  and  thus  allows  the  tube 
to  increase  in  length.  In  the  meanwhile  the  original  drop  of 
oil  of  cloves,  which  near  the  surface  was  a  sphere,  flattens  out 
into  the  form  of  a  spheroid ;  and  when  it  has  descended  about 
one-third  of  the  length  of  the  column  it  appears  to  open,  and  the 
apparent  opening  is  ornamented  on  either  side  by  the  well-turned 
volutes  of  an  Ionic  capital  (see  No.  4,  and  the  figure  further 
developed  in  No.  5).  This  effect  appears  to  be  due  to  the  pene- 
tration of  the  spheroid  at  its  lower  surface  by  a  portion  of  the 
medium  itself,  Avhich  enters  and  diffuses  within  the  spheroid  in 
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the  form  of  a  very  perfect  ring.  The  volutes  are  the  effects  of 
an  optical  illusion  arising  from  seeing  through  a  number  of  the 
segments  which  compose  the  ring  on  either  side,  while  at  the 
front  and  back  of  the  ring  the  edges  only  of  the  segments  are 
seen.  Figures  of  this  type,  with  variations  in  detail,  which  it 
would  take  too  long  to  describe,  are  produced  in  cold  castor  oil 
by  oil  of  cinnamon,  creosote,  carbolic  acid,  sulphuric  acid,  sul- 
phate of  indigo,  and  glycerine. 

In  a  column  of  olive  oil  a  drop  of  creosote,  of  carbolic  acid, 
of  oil  of  cinnamon,  or  of  eugenic  acid  is  similarly  penetrated 
from  below.  Other  oils,  however,  in  olive  oil  are  penetrated 
from  above.  For  example,  a  drop  of  croton  oil  descends  at  first 
as  a  bulb  and  stem,  the  stem,  as  before,  being  moored  to  the 
surfaee*.  The  bulb  flattens  out  into  the  form  of  an  oblate  sphe- 
roid, and  in  attempting  to  flatten  still  more  it  gets  turned  over 
at  the  upper  part  into  the  form  of  a  ring,  but  presenting  the 
appearance  shown  in  A ;  the  medium  closes  in  upon  the  open- 
ing, which  becomes  deeper,  as  in  B  and  C,  until  at  length  it 
penetrates  to  the  bottom  of  the  spheroid,  forming  a  trumpet- 
shaped  mouth  as  in  D.  In  doing  so  it  unites  with  the  stem, 
which  thus  appears  to  have  penetrated  to  the  very  bottom  of  the 
spheroid ;  whde,  to  supply  its  length,  the  medium  licks  over  the 
outer  surface  of  the  spheroid,  as  in  the  former  case,  and  thus 
allows  the  stem  to  accompany  the  altered  spheroid  to  the  bottom 
of  the  vessel.  This  series  of  processes,  which  it  takes  so  long  to 
describe,  may  be  understood  at  a  glance  by  a  reference  to  the 
figures  A  to  D. 

In  some  cases,  instead  of  the  voluted  figure,  the  opening  from 
below  is  pyriform,  and  as  the  spheroid  descends  the  pear-shaped 
figure  describes  a  circle  within  the  spheroid,  which  gives  it  the 
appearance  of  rocking  to  and  fro  upon  its  stem  (see  figs,  a^,  a^, 
a^).  Thus  while  in  a  column  of  olive  oil  a  drop  of  cinnamon  or 
of  eugenic  acid  opens  from  below  and  forms  a  figure  with  volutes, 
a  drop  of  oil  of  cloves,  or  of  creosote,  or  of  carbolic  acid  is  pene- 
trated from  below  and  a  pear-shaped  opening  is  formed  within 
the  spheroid.  We  use  the  word  opening  as  we  do  the  word 
volutes,  to  express  the  appearances  presented.  The  opening, 
however,  is  a  penetration  of  the  spheroid  by  the  medium  in 
which  it  is  subsiding. 

In  a  column  of  lard  at  about  170°  and  upwards,  a  drop  of  oil  of 
cloves  (and  of  some  other  oils)  forms  festoons  and  rings;  but  at 
lower  temperatures,  as  from  140°  down  to  82°  (at  which  point 
the  lard  used  by  me  solidified),  figures  of  the  bulb-and-stem 
type  are  formed.     But  in  the  case  of  castor  oil  there  is  some  varia- 

*  In  the  figures  a  portion  only  of  the  stem  is  shown. 
2B2 
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tion  :  the  drop  of  castor  oil  forms  a  bulb  and  stem  :  the  bulb  is 
penetrated  from  above,  separates  from  the  stem,  and  descends  as 
a  rolling  ring  (see  figs.  6',  h^,  b^,  b^).  Crotonoil  also  forms  a 
beautiful  large  ring,  from  which  festoons  descend,  and  from  the 
end  of  each  festoon  a  ring  separates  and  then  commences  rolling. 
A  drop  of  balsam  copaibse  forms  a  bulb  and  stem ;  the  bulb  en- 
larges, expands  upwards  into  a  dome-shaped  figure,  from  the 
lower  edge  of  which  festoons  and  rings  are  let  down,  which  rings 
multiply  and  produce  other  festoons  and  rings.  A  drop  of  creo- 
sote forms  rings  and  festoons  when  the  lard  is  at  about  130°  or 
140°;  but  at  110°  it  forms  a  bulb  and  stem,  the  bulb  being 
penetrated  from  above.  Carbolic  acid  at  the  lower  temperature 
forms  a  bulb  and  stem,  the  bulb  being  penetrated  from  above. 
A  drop  of  oil  of  cloves  forms  rings  and  festoons  in  hot  lard,  but 
a  bulb  and  stem  with  penetration  from  below  at  a  lower  tempe- 
rature. The  same  remark  applies  to  oil  of  cinnamon  :  at  about 
90°  the  spheroid  is  largely  penetrated  from  below. 

It  would  occupy  too  much  space  and  require  too  much  picto- 
rial illustration  to  enter  into  further  details  respecting  these 
submersion  figures.  They  all  admit  of  being  grouped  under 
some  four  or  five  types  :  not  that  the  figures  of  any  one  type  are 
identical ;  for  whether  they  be  rings  and  festoons,  or  bulb-and- 
stem  figures,  or  dome- shaped,  or  cones  or  rolling  rings,  each 
liquid  presents  characters  of  its  own,  which  are  again  subject  to 
further  variations  in  diflfereut  media. 

King's  College,  Londou, 
September  18()4. 


XLI V.   On  a  Defect  in  the  Theory  of  Saturation. 
By  Edmund  J.  Mills,  B.Sc* 

THE  theory  of  atomicity — or,  as  it  should  be  more  correctly 
termed,  the  theory  of  saturation — may  be  justly  con- 
sidered, according  to  Wurtz's  suggestion  f,  as  a  development 
of  the  doctrine  of  multiple  proportions.  It  expresses  the  result 
of  an  extensive  induction,  that  there  is  a  definite  limit  to  the 
combination  of  one  substance  with  another,  and  that  this  limit 
may  be  approached  by  successive  stages.  The  atomicity  or 
saturability  of  a  given  body  is  expressed  by  the  number  of  unit 
weights  of  hydrogen  which  can  be  made  to  combine  with  a  cer- 
tain standard  weight  of  it.  Thus  the  radicals  represented  by 
the  following  formulae, 

*  Communicated  by  the  Author. 

t  Legons  de  Philosophie  Chimique,  p.  221. 
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C2,     C^H,     C^H^     C2H3,     C^H^     C^H^ 

having  the  standard  weights 

24,       25,         26,  27,  28,        29, 

are  saturated  respectively  by 

6,        5,  4,  3,  2,  1 

unit  weights  of  hydrogen.  Complete  saturation,  with  respect  to 
either,  is  represented  in  the  formula 

C^  H«. 

Owing,  however,  to  the  difficulty  of  always  obtaining  hydrogen- 
compounds,  or  to  the  absence  of  them,  the  following  point  has 
been  allowed  in  practice — that  a  constant  weight  of  any  other 
element,  equivalent  to  a  unit  weight  of  hydrogen,  shall  be  ac- 
cepted in  the  place  of  the  latter,  and  be  considered,  equally  with 
it,  a  measure  of  the  saturability  of  the  given  substance.  This 
concession  has  been  most  frequently  made  in  the  case  of  chlo- 
rine-, bromine-,  and  iodine-compounds — an  equivalent  of  either 
of  the  elements  mentioned  being  supposed  to  function,  with 
respect  to  saturation,  in  precisely  the  same  manner  as  one  part 
by  weight  of  hydrogen.  It  is  to  this  point  that  I  wish  brietly 
to  direct  attention. 

The  question  as  to  interchangeability  of  saturating  function 
between  any  elements  must  depend  not  only  on  their  being 
capable  of  transposition  in  terms  of  equivalent  value,  but  also 
on  their  affinity  for  the  substance  to  be  saturated.  For  it  would 
be  impossible  to  attribute  to  the  vicarious  element  (as,  for  ex- 
ample, chlorine  used  in  the  place  of  hydrogen)  the  power  of  satura- 
tion at  all,  unless  it  had  an  affinity  for  the  substance  employed ; 
nor  could  it  conveniently  be  taken,  if,  as  is  sometimes  the  case, 
the  affinity  were  variable  in  its  nature.  Furthermore  this  ex- 
change of  function  cannot  be  considered  an  equal  one  unless 
the  two  elements  are  precisely  alike  in  their  affinity  for  the  third 
body. 

Let  us  suppose,  for  illustration's  sake,  a  radical  X'  combined 
with  chlorine,  bromine,  and  iodine,  the  last  two  being  successively 
weaker  compounds.  The  measure  of  the  full  saturability  of  X' 
will  be  the  largest  possible  quantity  (say,  of  one  of  these  three 
elements)  which  has  the  greatest  affinity  for  it.  Hence  it  is 
obvious  that  X'Cl  will  only  be  fully  saturated ;  X'Br  and  X'l 
will  be  deficient  by  some  portion  of  a  saturability,  a  positive 
number,  which  may  be  termed  x  in  the  former,  and  {x  +  y)  in 
the  latter  case.  Each  of  these  quantities  might  of  course  ap- 
proach or  exceed  unity  if  X  were  poly-equivalentic ;  and  it  is 
hardly  necessary  to  say  that  these  remarks  apply  to  any  radicals 
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combined  with  X,  so  long  as  they  are  interchangeable  and  of 
the  same  equivalency. 

Such  a  doctrine  of  residual  saturability  appears  of  very  consi- 
derable interest.  Based  as  it  is  on  the  well-known  phenomena 
of  difference  in  affinity,  it  rests  on  a  property  of  bodies  still 
unsubmitted  to  numerical  measurement,  but  always  received 
as  a  fact.  The  idea  of  unequal  affinity  rests  chiefly  on  results 
derived  from  the  decomposition  of  bodies — being  thus  comple- 
mentary to  the  current  doctrine  of  saturation,  which  more  ex- 
pressly leans  on  the  facts  of  their  synthesis.  At  the  present 
moment  especially  it  is  desirable  that  the  importance  of  connect- 
ing these  should  be  taken  into  consideration.  For  unless  we  are 
prc])ared  to  recognize  this  connexion,  we  are  logically  bound  to 
fall  back  on  hydrogen-compounds  only,  and  to  content  our- 
selves, in  the  prospect  of  much  inconvenience,  with  a  dogmatic 
announcement  of  merely  partial  value.  But,  on  the  other  hand, 
by  accepting  it,  we  are  able  to  explain  the  formation  of  certain 
compounds  whose  existence  otherwise  is  quite  anomalous. 

Thus  chloride  of  silver  is  oi-dinarily  considered  a  completely 
saturated  compound.  Silver,  indeed,  being  mono-equivalentic, 
must,  after  combination  with  an  equivalent  of  chlorine,  be  in- 
capable of  entering,  according  to  the  common  view,  into  any 
further  union  whatsoever.  This  chloride  contains  no  poly-equi- 
valentic  radical — that  kind  which  is  said  to  possess  the  power 
of  "  accumulating  "  as  its  exclusive  privilege.    Yet  the  compound 

3AgCl  +  2AgBr, 
long  since  described,  is  perfectly  definite ;  and,  to  judge  from 
its  solubility  in  solutions  of  hydrochloric  acid  and  of  the  chlo- 
rides of  potassium  and  sodium,  chloride  of  silver  also  combines 
with  these  bodies.  The  formula  of  chlorobromidc  of  silver  may 
be  expressed  under  the  general  one 

mX'R'  +  «Z, 
Z  being  a  quite  undetermined  body.  We  see  that  the  residual 
saturability  of  three  molecules  of  chloride  of  silver  is  capable  of 
causing  them  to  unite  with  two  of  bromide  of  silver.  This  consi- 
deration is  in  favour  of  the  chloride  being  the  more  saturated 
compound. 

The  following  examples  may  also  be  adduced : — 

AgBr  +  HBr, 
Agl    +2KI, 
Agl    +KI, 
Kl     +1, 

and  also  the  pair 

AgCl  +  AgNO^ 
AgT    +AgN03, 
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the  occurrence  of  which  will  hardly  be  attributed  to  the  di- 
equivalentic  nature  of  oxygen. 

Again,  certain  chlorides,  which  are  usually  supposed  to  be 
fully  saturated,  unite  with  water,  a  substance  in  whicli  the  di- 
equivalentic  oxygen  is  understood  to  be  completely  satisfied. 
Thus  we  have  the  hydrates 

LiCl  +nAq  {n=\  or  2  ?), 
NaCl-f2Aq, 

but  not  a  hydrated  chloride  of  potassium.  The  formation  of 
many  double  salts,  and  of  direct  combinations  with  water,  appear 
to  me  to  be  only  explicable  on  the  ground  here  proposed. 

This  question  is  not  verbal.  Affinities  are,  tacitly  at  least, 
taken  into  account  in  all  our  reasonings ;  it  is  impossible  for  the 
theory  of  saturation  to  be  independent  of  them.  The  defect  in 
the  theory  consists  in  this — omitting  to  notice  the  fact  that  in- 
terchangeable weights  of  the  same  equivalentic  order  do  not 
usually  represent  precisely  similar  affinities.  Hence  we  may 
arrive  at  the  following  general  statement : — Any  two  radicals  are 
not  equal  in  saturating  power  for  a  third,  unless  they  are  equal 
in  equivalency  and  affinity  also ;  and  in  most  cases  of  combina- 
tion there  is  still  residual  saturability,  due  to  affinity,  enabling 
the  new  compound  itself  to  enter  into  combination. 


XLV.   On  the  Dynamical  Theory  of  Heat. 
5z/ Joseph  Gill,  Esq.* 

NOTHING  in  the  universe  can  be  supposed  to  be  in  a  state 
of  isolation  ;  a  lone  body  is  evidently  a  physical  impossi- 
bility ;  and  therefore  it  seems  impossible  to  trace  back  to  an 
ultimate  source  any  physical  phenomenon  displaying  the  action 
of  energy  or  force;  for  we  can  perceive  no  material  origin  of 
power,  but  only  a  circulation  of  existing  force  distributed  though- 
out  all  the  matter  of  creation.  Wherever  an  increase  of  energy 
appears  in  any  portion  of  matter,  we  may  assume  that  an  equi- 
valent of  energy  must  have  disappeared  fi'om  some  other  por- 
tion of  matter,  as  the  phenomena  are  only  indications  of  dis- 
turbed equilibrium.  When  a  weight  is  raised  above  the  surface 
of  the  earth,  it  acquires  potential  energy  in  the  shape  of  an  in- 
creased amount  of  the  attraction  of  gravitation,  which  must  have 
cost  an  expenditure  of  an  equal  amount  of  energy  from  some 
other  body.  When  a  spring  is  wound  up,  or  an  elastic  fluid 
compressed,  potential  energy  appears  in  the  shape  of  repulsion 

*  Communicated  by  the  Author. 
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in  quantity  equivalent  to  the  force  which  had  been  expended  in 
producing  the  tension. 

It  seems  impossible  to  form  any  satisfactory  idea  of  the 
nature  of  the  forces  of  attraction  and  repulsion ;  and  after  ages 
of  research  by  intellects  of  the  highest  order  the  subject  still 
remains  enveloped  in  mystery.  Chemical  forces  seem  to  be  spe- 
cific properties  inherent  in  matter;  and  the  general  forces  of  at- 
traction and  repulsion  are  by  some  considered  as  essential  pro- 
perties of  ponderable  matter,  while  others  incline  to  attribute 
them  to  the  action  of  a  more  subtle  fluid  medium  present  in  all 
space,  so  that  matter  cannot  be  conceived  of  apart  from  the  uni- 
versal influence  of  this  all-pervading  fluid.  The  force  or  vis  viva 
of  motion  may  be  conceived  of  as  resulting  from  an  original 
impression  of  mechanical  power  on  matter  at  its  creation,  or  as 
a  consequence  of  the  action  of  potential  energies  of  attraction 
azid  repulsion  resulting  from  primitive  positions  of  disturbed 
equilibrium,  in  which  atoms  and  masses  may  have  been  placed 
at  their  formation. 

The  general  sources  from  which  we  can  derive  ready-made 
elemental  power  are  the  natural  movements  of  the  atmosphere 
in  the  phenomena  of  the  winds,  and  the  fall  of  water  under  the 
influence  of  common   terrestrial    gravitation.     But  it  is  often 
more  expedient  to  produce  mechanical  power  by  artificial  means, 
or  by  the  arbitrary  employment  of  the  natural  atomic  forces  of 
inanimate  matter ;  and  for  this  purpose  we  preferably  avail  our- 
selves of  the  chemical  forces,  generally  through  the  medium  of 
heat.     In  the  combustion  of  common  carbon  fuels  the  heat  is 
supposed  to  arise  from  intensely  active  molecular  motion  caused 
by  the  clashing  of  the  oxygen  atoms  against  those  of  the  carbon, 
in  which  process  the  rapid  motion  of  translation  of  the  excited 
particles  falling  violently  together  under  the  influence  of  chemi- 
cal attraction,  is  changed  by  the  shock  into   intense  molecular 
motion  of  vibration,  or  orbital  movements,  or  perhaps  some  mode 
of  individual  expansion  of  the  molecules,  supposed  to  constitute 
the  phenomena  of  heat  or  temperature.     This  clashing  of  the 
sympathetic  particles  in  the  act  of  combustion  suggests  the  idea 
of  a  forcible  separation  of  the  same  elements  at  some  former 
period  when  the  fuel  was  formed.     Thus  it  is  supposed  that  the 
solar  energy  at  some  remote  time  in  the  history  of  creation,  when 
some  of  the  common  processes  of  nature  were  probably  more 
\igorous  than  we  now  perceive  them,  enabled  the  vegetative  vital 
principle  in  the  ripe  primeval  productions  of  the  teeming  soil  to 
separate  the  carbon  from  the  carbonic  acid  gas  of  the  atmosphere, 
and  to  assimilate  it  in  a  solid  state  in  the  gigantic  grottoes  of 
the  ancient  forests  of  the  carboniferous  epoch. 

In  order  that  the  oxygen  may  combine  with  the  carbon  and 
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form  carbonic  oxide  and  carbonic  acid  in  the  act  of  combustion, 
the  particles  must  be  brought  so  close  together  as  to  come  within 
the  spheres  of  chemical  attraction  under  the  influence  of  which 
they  unite.  It  would  be  difficult  to  effect  this  approximation  of 
the  particles  by  gradually  squeezing  together  the  two  bodies  in 
mass,  as  general  molecular  repulsion  increases  to  a  powerful 
degree  under  the  compression  of  matter;  but  in  electricity  and 
heat  we  possess  agencies  which,  operating  directly  on  the  indivi- 
dual particles  of  matter,  can  produce  results  of  intensity  of  action 
incomparably  more  powerful  than  can  be  effected  by  any  mecha- 
nical means  which  can  be  brought  to  bear  on  masses.  Thus 
the  friction  of  a  chemical  match,  by  concentrating  the  mecha- 
nical action,  is  sufficient  at  a  few  points  of  actual  molecular  con- 
tact to  generate  a  very  high  local  temperature,  which  throws 
the  excited  particles  into  such  violent  molecular  motion  as  to 
impel  them  over  the  boundaries  of  repulsion  fairly  within  the 
sphere  of  chemical  attraction.  Under  the  influence  of  this  force 
they  combine  with  intense  atomic  action,  which,  communicating 
from  particle  to  particle,  causes  the  rapid  lighting  of  the  whole 
mass  ;  and  by  the  same  play  of  molecular  movements  the  phe- 
nomena of  fire  or  flame  may  be  supposed  to  originate,  from  the 
burning  of  the  humblest  rushlight  to  the  most  destructive  con- 
flagration. 

The  intense  vibratory  or  orbital  motions  of  the  compound  par- 
ticles formed  in  the  act  of  combustion  constitute  the  heat  or 
temperature  of  the  flame,  while  solid  particles  of  carbon,  ren- 
dered incandescent  by  the  highly  excited  atmospheres  in  which 
they  are  enveloped,  are  supposed  to  increase  its  luminosity, 
giving  consistence  and  body  to  the  fainter  light  of  the  glowing 
gases.  The  attraction  of  chemical  affinity  no  longer  exists 
between  the  homogeneous  compound  particles  resulting  from 
the  combustion,  and  they  are  now  under  the  uncontrolled  influ- 
ence of  common  molecular  repulsion,  which  tends  to  separate  the 
particles,  increasing  in  intensity  in  some  geometrical  ratio  of  the 
inverse  distances. 

In  the  case  of  gunpowder  and  other  explosive  compounds,  in 
the  solid  form  containing  in  themselves  the  elements  whose 
combination  gives  rise  to  the  phenomena  of  combustion,  the 
action  of  the  chemical  forces  can  take  place  in  a  confined  sjDace, 
and  the  accompanying  repulsion,  resulting  from  both  the  tem- 
porary heat  and  the  permanent  expansion  of  the  resulting  gases, 
may  be  availed  of  as  a  direct  dynamical  agent  not  only  in  impel- 
ling projectiles,  but  also  in  giving  motion  to  a  piston  acting 
in  a  cyhnder  like  that  of  a  steam-engine.  The  same  result 
can  be  obtained  from  the  close  combustion  of  explosive  gaseous 
mixtures;  and  a  considerable  amount  of  power  can  be  made 
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available  from  the  direct  pressure  arising  from  the  tempo- 
rary heat  of  the  explosive  action,  even  vi'hen  the  bulk  of  the 
resulting  gases  is  not,  after  cooling,  greater  than  that  of  their 
constituents, — as  experiment  shows  that  in  some  such  cases  a 
momentary  increase  of  bulk  of  14  or  15  times  the  volume  when 
cold  may  result,  indicating  a  temperature  of  at  least  7000°  F. 
But  in  obtaining  motive  power  from  fire,  the  molecular  motion 
of  the  flame  is  generally  transmitted  to  water  in  a  closed  boiler, 
where,  by  increasing  the  intestine  movements  of  the  liquid  par- 
ticles, it  raises  the  temperature  until,  at  a  point  dependmg  on 
the  superincumbent  pressure,  the  particles  in  more  immediate 
contact  with  the  source  of  heat  undergo  a  sudden  change  of  condi- 
tion, and,  absorbing  instantaneously  a  large  additional  amount  of 
heat  (at  the  ordinary  temperature  of  ebullition),  assume  the  state 
of  vapour  and  rise  to  the  surface.  Under  a  pressure  of  1 700 
atmospheres  water  might  be  heated  to  about  1200^  F.  (or  1000° 
above  the  common  boiling-point),  in  which  condition  it  would 
contain  heat  enough  to  convert  the  whole  mass  into  steam,  the 
available  amount  of  re])ulsion  being  in  proportion ;  so  that  by 
expanding  down  to  atmospheric  pressure  against  a  resistance 
gradually  decreasing  from  1700  atmospheres  to  1,  it  might  per- 
form a  quantity  of  work  eight  or  ten  times  as  great  as  is  gene- 
rally obtained  from  the  best  steam-engines.  This  enormous 
amount  of  potential  energy  stored  up  in  the  superheated  water 
in  the  shape  of  highly  excited  repulsion,  would  seem  to  be  due 
more  to  the  concentration  of  the  heat  in  possession  than  to  any 
excess  of  quantitative  heat  w  hich  the  hot  fluid  may  be  supposed 
to  contain  above  the  heat  of  conversion  of  the  same  weight  of 
steam  at  atmospheric  pressure. 

Energy  may  be  put  into  an  elastic  fluid,  or  rather  the  fluid 
can  be  put  into  a  condition  of  increased  energy,  either  by  com- 
pression or  by  the  actual  addition  of  heat;  and  in  both  cases  the 
quantity  of  sensible  heat,  or  the  temperature,  is  increased.  I 
have  before  expressed  my  opinion  that  compression,  apart  from 
the  idea  of  molecular  friction,  is  not  a  source  of  quantitative 
heat,  but  only  of  concentration  of  heat  or  temperature.  In  the 
act  of  compression  the  particles  are  forced  closer  together ;  and 
supposing  the  total  quantity  of  heat  to  remain  unchanged,  the 
increase  of  temperature  may  result  from  concentration  of  mo- 
lecular action  as  to  the  number  of  vibrations  made  by  each 
particle  in  a  given  time.  By  the  actual  addition  of  heat  to 
an  elastic  fluid  under  constant  volume,  the  same  effect  may  be 
produced  of  increasing  the  number  of  molecular  vibrations  in  a 
given  time.  In  both  cases  the  heat-tone  may  be  supposed  to 
become  more  acute  from  a  corresponding  change  of  the  thermic 
rhythm  of  the  molecular  vibrations.  In  compression  the  increased 
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repulsion  is  accounted  for  by  the  decrease  of  molecular  distances, 
and  by  the  addition  of  heat  under  constant  volume  the  molecular 
distances  are  also  in  effect  decreased;  for  by  the  addition  of  heat 
or  molecular  vis  viva,  the  particles  of  a  gas  moving  with  increased 
energy  would  approach  closer  together  at  some  points  of  their 
orbits,  and  recede  further  asunder  at  the  opposite  points ;  and 
the  general  result  of  the  increased  energy  of  the  molecular  move- 
ments would  be  an  increase  of  tension  if  the  repulsion  increases, 
in  some  geometrical  ratio  of  the  inverse  distance,  because  the 
repulsion  would  increase  by  the  closer  approach  of  the  particles  at 
their  pjoints  of  greater  vicinity  moi'c  than  it  would  diminish  by 
the  increased  distance  at  the  opposite  points.  Thus  the  tension  of 
elastic  fluids  (and  the  activity  of  thermo-dynamical  phenomena 
generally)  may  be  referred  to  the  common  principle  of  mole- 
cular repulsion,  called  into  action  by  heat  considered  as  mole- 
cular motion. 

The  motion  of  matter  in  masses  may  be  stopped  in  various 
ways,  and  transformed  into  different  shapes  of  energy ;  but  it  is 
difficult  to  conceive  how  molecular  motion  could  be  stopped  by 
any  arrangement  or  combination  of  common  matter.  Mole- 
cular motion  is  being  continually  produced  in  natural  phe- 
nomena, and  by  artificial  agencies,  at  the  expense  of  energy  in 
various  shapes.  It  can  be  transferred  from  one  body  to  another, 
and  modified  indefinitely  as  to  its  intensity ;  but  its  production 
being  continual,  it  must  be  supposed  to  accumulate  indefi- 
nitely, while  the  other  forms  of  energy  from  which  it  has 
its  origin  must  at  the  same  time  be  decreasing  in  equal  pro- 
portion— an  assumption  which  is  contrary  to  all  rational  proba- 
bility. This  difficulty  does  not  exist  in  the  dynamical  theory  of 
heat,  as  this  theory  supposes  a  direct  conversion  of  heat,  or  mole- 
cular motion  of  common  matter,  into  work  in  the  same  proportion 
as  work  is  actually  proved  to  be  convertible  into  heat  or  molecular 
motion  by  friction ;  and  thus  a  continual  and  invariable  circula- 
tion of  phenomena  by  interchange  or  transformation  in  terrestrial 
dynamics  can  be  satisfactorily  accounted  for,  if  the  direct  con- 
version of  heat  into  work  can  be  proved  to  be  true. 

Any  theory  of  phenomena  which  involves  the  circumstance  of 
a  continually  accumulating  amount  of  disturbance  of  the  mobile 
equilibrium  requisite  for  the  general  permanence  of  physical  ex- 
istence must  be  considered  unsatisfactory.  The  meteoric  theory 
of  the  sun's  replenishment,  independently  imagined  by  Mayer 
and  by  Mr.  Waterston,  and  admirably  developed  by  Professor  W, 
Thomson,  is  based  on  reasoning  which  might  obtain  for  it  uni- 
versal favour,  were  it  not  for  the  idea  it  involves  of  a  continual 
transfer  of  matter  in  one  direction  only,  and  its  consequent  accu- 
mulation in  the  sun,  which  is  opposed  to  the  ideas  of  constancy 
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and  permanence  whicli  naturally  present  themselves  to  the  unpre- 
judiced mind  in  contemplating  these  sublime  phenomena.  Now 
by  an  interesting  coincidence  it  appears  that,  by  supposing  the 
meteoric  theory  so  modified  as  to  avoid  the  foregoing  objection, 
it  would  result  from  this  modification  that  terrestrial  molecular 
motion  may,  in  agreement  with  known  physical  laws,  be  con- 
verted into  the  force  of  gravitation  by  the  agencies  of  the  meteoric 
phenomena,  thus  removing  a  strong  objection  which  would  other- 
wise oppose  the  repulsion  theory  of  thermo-dynamics  which  I  am 
endeavouring  to  developc,  while  at  the  same  time  it  supports  the 
idea  of  a  general  cosmical  stability  and  permanence.  In  specu- 
lations of  this  kind  we  cannot  expect  to  arrive  at  conclusions 
beyond  a  mere  preponderance  of  probability  on  one  side  or  the 
other  of  any  undecided  point ;  and  in  such  investigations  the 
ardent  study  of  the  limited  train  of  facts  we  possess  inevitably 
leads  into  the  regions  of  the  unknown ;  for  the  vast  field  of 
research  offers  no  boundaries;  no  one  part  of  the  subject  can  be 
fairly  detached  from  the  apparently  endless  circuit  of  connexions 
and  relations  with  which  it  is  bound ;  and  in  directing  our  ex- 
perimental researches  beyond  the  narrow  limits  of  established 
fact  in  search  of  additional  truth,  it  were  unwise  to  reject  the 
suggestions  of  analogical  probability. 

Radiant  heat  is  supposed  to  be  propagated  in  the  same  manner 
as  light.  All  bodies  radiate  heat,  and  every  point  of  the  surface 
of  each  is  a  distinct  centre  from  which  undulations  of  the  uni- 
versal aether  ])roceed  in  straight  lines  in  all  directions  without 
interfering  with  each  other,  or  with  the  innumerable  waves  with 
which  space  is  filled.  Heat  in  common  terrestrial  matter  has 
been  well  designated  a  mode  of  motion ;  but  it  must  be  conceived 
of  as  molecular  motion  of  a  vibratory  or  orbital  character,  limited 
by  the  balance  of  forces  affecting  the  particles  of  a  mass  under 
given  circumstances.  No  uninterrupted  independent  i-ectilinear 
motion,  either  in  an  atom  or  a  mass,  or  in  the  stright-line  trans- 
mission of  radiation  or  electricity,  can  be  imagined  of  as  heat, 
but  rather  as  vis  viva,  which  may  become  heat  when  the  motion 
of  a  body  is  stopped  and  transformed  into  individual  movements 
of  its  own  particles,  or  of  those  of  other  matter. 

It  is  allowed  that  the  chief  physical  source  of  terrestrial  energy 
is  the  sun.  The  wonderful  balance  of  the  perturbations  of  the 
solar  system,  as  shown  by  Laplace  and  other  astronomers,  and 
the  rational  probability  of  the  immense  antiquity  of  the  earth's 
existence  indicated  by  geological  evidence,  suggest  ideas  of  the 
measure  of  time  in  cosmical  existence  somewhat  in  agreement 
with  the  overwhelming  measures  of  quantity  and  extension  in 
the  universe  which  even  the  limited  powers  of  man  can  faintly 
appreciate.     All  things  finite  must  have  had  a  beginning,  and 
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may  have  an  end ;  though  the  certainty  of  the  prospective  eter- 
nity of  our  spiritual  existence  is  gladly  acknowledged  by  the 
wisest  and  the  best,  and  it  is  difficult  to  conceive  of  the  anni- 
hilation of  even  common  matter.  It  is  probable  that  our  planet 
has  already  undergone  changes  the  nature  of  which  may  never 
be  clearly  revealed  to  human  intelligence ;  and  whenever  the 
great  catastrophe  may  occur  which  is  to  change  the  present  order 
of  terrestrial  existence,  is  it  not  probable  that  the  agencies  em- 
ployed, though  not  opposing  or  inverting  natural  law,  may  still 
differ  essentially  from  the  ordinary  routine  of  physical  phenomena 
which,  with  a  continual  rotation  of  periodic  change,  conveys  the 
idea  of  general  cosmical  permanence  ? 

Analogy  would  indicate  the  probability  that  the  planets  may 
be  receiving  from  the  sun  something  more  than  mere  motion,  or 
radiant  heat  and  light,  as  generally  described,  and  the  idea  is  not 
perhaps  without  support  from  physical  facts.  The  vital  solar 
fluid  which  reaches  the  earth  may  become,  as  it  were,  analyzed 
and  assimilated  in  the  various  active  processes  of  nature  by 
which  organisms  are  built  up ;  whilst,  besides  radiant  heat,  there 
is  emanating  from  the  earth  into  space  a  current  of  comparatively 
effete  cosmical  matter  which  joins  the  general  effluent  solar  tide, 
carrying  with  it  part  of  the  vis  viva  of  the  terrestrial  molecular 
motion  which  we  call  heat,  and  another  portion  of  this  heat  is 
transferred  by  the  universal  sether,  in  the  act  of  radiation,  to  the 
solar  tide.  The  accumulation  of  molecular  motion  on  the  earth's 
surface  is  thus  prevented  by  a  continual  change  into  the  vis  viva 
of  the  motion  of  translation  of  the  effluent  particles,  which,  with 
the  general  solar  tide  in  their  outward  progress,  go  on  changing 
this  vis  viva  into  potential  energy  of  centripetal  gravitation. 

There  is  reason  to  believe  that  the  idea  of  a  universal  ocean  of 
interstellar  sether  has  been  entertained  from  the  remotest  times 
of  physical  speculation ;  and  this  idea  still  prevails,  being  sup- 
ported by  a  strong  preponderance  of  probability.  The  undula- 
tory  theory  of  light  shows  that  the  mighty  pulse  of  this  cosmical 
vital  fluid  is  beating  throughout  the  universe  at  the  amazing 
rate  of  four  hundred  and  seventy-four  millions  of  millions  of 
strokes  per  second  !  All  these  pulsations  are  caught  by  the 
delicate  optical  mechanism  of  the  eye  in  a  single  second,  and 
the  resulting  impression  is  that  of  light.  From  this  single  mani- 
festation some  faint  idea  may  be  conceived  of  the  wonderful  pro- 
perties which  should  characterize  this  cosmical  fluid.  As  com- 
pared with  tei'restrial  matter,  it  is  supposed  to  be  imponderable 
and  comparatively  non-resisting,  and  to  be  universally  present. 

It  is  known  that  the  sun  has  an  atmosphere  containing  in  a 
state  of  vapour  or  gas  several  substances  which  exist  on  our 
planet  in  a  solid  form.     How  far  may  the  solar  atmosphere  be 
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imagined  probably  to  extend  ?  The  retardation  of  Encke's  comet 
is  generally  attributed  to  the  resistance  of  the  interstellar  sether ; 
but  it  is  not  improbable  that  the  extension  of  the  solar  atmosphere 
may  play  an  important  part  in  producing  the  effects  observed. 
The  meteoric  theory  of  the  sun's  heat  has  much  probability  in  its 
favour.  The  immense  number  of  meteors  which  are  periodically 
seen  from  some  parts  of  the  earth's  surface  would  seem  to  prove 
the  existence  of  an  incalculable  crowd  of  small  asteroids  circula- 
ting round  the  sun.  Moving  through  a  resisting  medium,  these 
small  masses  may  be  naturally  supposed  to  be  continually  suffer- 
ing a  loss  of  projectile  force  or  vis  viva  of  orbital  motion,  and 
consequently  to  be  gradually  approaching  nearer  and  nearer  to 
the  sun.  The  zodiacal  light  is  supposed  to  owe  its  existence  to 
these  crowded  meteoric  masses.  "  However  this  may  be,  it  is 
at  least  proved  that  this  phenomenon  arises  from  matter  which 
circulates  in  obedience  to  planetary  laws ;  the  entire  mass  con- 
stituting the  zodiacal  light  must  be  continually  approaching,  and 
incessantly  raining  its  substance  down  upon  the  sun  "*.  The 
heat  produced  by  the  collision  of  an  incombustible  asteroid  thus 
falling  into  the  sun,  has  been  calculated  to  be  equal  to  9000 
times  the  heat  generated  by  the  combustion  of  an  equal  asteroid 
of  solid  coal.  Thus  in  the  force  of  gravitation  we  perceive  an 
agency  competent  to  maintain  at  the  surface  of  the  sun  a  tem- 
perature far  surpassing  anything  we  can  conceive  of  terrestrial 
combustion.  Helmholtz  has  shown  that  the  force  of  gravitation 
now  existing  as  potential  energy  in  the  principal  bodies  of  the  solar 
system  might,  if  converted  into  heat,  raise  the  temperature  of  a 
mass  of  water  equal  to  the  sun  and  planets  in  weight  28  millions 
of  degrees  Centigrade.  From  the  incomparable  penetrative 
power  of  the  solar  rays,  it  is  inferred  that  the  temperature  of 
their  source  must  be  enormous;  and  is  it  not  probable  that  the 
almost  inconceivable  temperature  of  the  fiery  ocean  forming  the 
sun's  surface  should  volatilize  the  meteoric  matter  continually 
falling  into  it,  reducing  it  to  a  state  of  gaseous  tenuity  far 
beyond  anything  we  can  perceive  in  terrestrial  phenomena, 
and  that  from  this  vast  alembic  the  subtle  though  still  ponder- 
able matter  of  the  sun's  atmosphere  should  be  emitted  in  a  con- 
tinuous stream  radiating  into  space  ?  It  has  been  supposed  by 
eminent  physicists  that  gaseous  particles  fly  in  straight  lines 
through  space ;  and  if  the  atomic  projectiles  from  the  sun's  sur- 
face be  supposed  to  be  uninterrupted  in  their  outward  pro- 
gress, they  may  be  imagined  to  move  with  a  velocity  which,  in 
combination  with  the  outward  impulsion  of  the  excited  aether, 
should  carry  them  with  gradually  diminishing  motion  to  an  im- 
mense distance  into  space  (probably  far  beyond  the  orbit  of  the 
*  Prof.  Tvndall. 
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most  distant  planet  of  the  system),  till,  arrived  at  the  limits  where 
the  repulsive  force  and  the  power  of  gravitation  are  in  equili- 
brium, the  outflowing  current  should  come  quietly  to  a  state  of 
rest  on  the  vague  shores  of  the  solar  aerial  ocean  in  circumam- 
bient space.  Here  the  solar  atoms  would  have  no  motion,  except 
perhaps  some  slight  vibratory  movement  from  the  almost  ex- 
hausted undulations  of  the  aether  in  these  distant  regions  of 
space;  but  gravitation  would  soon  again  begin  to  predominate, 
and  each  atom,  like  a  pendulum  in  vibration,  would  begin  gra- 
dually to  return  towards  its  centre  of  gravitation  in  the  sun. 
While  thus  on  the  verge  between  their  outward  and  inward 
movements,  the  atoms  would  be  in  a  state  of  almost  perfect 
equilibrium  or  neutrality  of  general  forces ;  and  the  meeting  of 
the  I'eturning  ripples  with  the  spent  waves  still  moving  slowly 
on,  under  the  expiring  influence  of  outward  repulsion,  might 
induce  an  approach  of  the  atoms  sufficient  to  cause  aggregation, 
from  the  effect  of  mutual  attraction  in  the  absence  or  abeyance 
of  other  forces. 

We  nowhere  perceive  homogeneity  in  nature ;  and  even  the 
distribution  of  highly  rarefi,ed  gaseous  matter  in  space  cannot  be 
supposed  to  be  effected  with  strict  geometrical  symmetry.  The 
slightest  inequalities  of  distance  between  the  atoms  hovering  on 
their  boundaries  of  solar  gravitation  would  form  centres  of  ag- 
gregation under  the  influence  of  mutual  atomic  attraction,  which 
would  become  the  nuclei  of  meteoric  formations.  In  the  agglo- 
merated masses  some  incipient  heat  would  be  generated  in  the 
act  of  aggregation,  by  converting  the  motion  of  translation  with 
which  the  particles  approached  each  other  into  reciprocating  or 
orbital  molecular  motion;  but  the  general  temperature  would 
probably  be  low,  and  the  newly  formed  meteoric  masses  might 
be  of  considerable  density. 

The  return  of  the  meteoric  matter,  in  the  shape  of  these  newly 
formed  or  still  forming  masses,  to  its  central  source  in  the  sun 
presents  an  interesting  subject  of  speculation.  Whatever  ideas 
may  be  entertained  of  the  interstellar  cether  as  a  resisting  medium, 
it  seems  certain  that  the  meteorites  falling  towards  the  sun  would 
meet  with  considerable  resistance  from  the  outflowing  tide  of  the 
solar  atmosphere.  Many  years  ago  a  theoi'y  of  the  sun^s  dyna- 
mical action  appeared  which  was  perhaps  entitled  to  more  atten- 
tion than  it  received.  It  supposed  that  the  centrifugal  action 
of  the  sun's  rotation  on  his  axis  causes  his  equatorial  rays  to 
issue  obliquely  in  the  direction  of  the  motion  of  the  planets, 
and  thus  to  influence  the  planetary  motions  by  direct  dynamical 
action.  The  meteorites  in  their  approach  towards  the  sun  would 
be  deflected  from  a  direct  radial  course  by  the  slanting  direction 
of  the  issuing  lines  of  the  solar  current,  and  would  thus  be 
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gradually  thrown  into  orbital  courses  which  might  continue 
for  a  long  time  under  the  influence  of  planetary  laws.  Finally, 
the  eflfect  of  the  resisting  medium  causes  the  sun's  attraction 
to  preponderate  more  and  more,  and  the  great  stream  of  meteoric 
matter  rolls  on,  gradually  approaching  the  sun,  in  a  vast  spiral 
vortex.  As  graphically  imagined  by  Prof.  W.  Thomson,  "  each 
meteor  thus  goes  on  moving  faster  and  faster,  and  getting 
nearer  and  nearer  the  centre,  until  some  time,  very  suddenly,  it 
gets  so  much  entangled  in  the  solar  atmosphere  as  to  begin  to 
lose  velocity.  In  a  few  seconds  more  it  is  at  rest  on  the  sun's 
surface,  and  the  energy  given  up  is  vibrated  across  the  district 
w^hcre  it  was  gathered  during  so  many  ages,  ultimately  to  pene- 
trate, as  light,  the  remotest  regions  of  space.''  It  is  supposed 
that  the  principal  store  of  energy  which  is  to  furnish  future 
sunlight  is  in  the  vis  viva  and  the  gravitating  power  of  the 
meteoric  bodies  at  present  circulating  inside  the  earth's  orbit, 
and  probably  giving  origin  to  the  zodiacal  light.  However  vast 
these  clouds  of  meteoric  matter  may  be,  analogy  would  certainly 
indicate  that  their  decrease  from  the  fiery  rain  which  they  are 
continually  pouring  down  upon  the  sun  should  be  made  up  from 
some  perennial  source  of  supply,  and  also  that  some  cosmical 
process  should  prevent  the  continual  growth  of  the  sun's  mass 
which  would  result  from  the  conditions  of  the  meteoric  theory 
in  its  present  apparently  incomplete  form.  If  the  idea  of  the 
volatilization  of  the  meteoric  matter  from  the  sun's  surface,  and 
its  diffusion  into  space,  does  not  involve  any  contradiction  to 
known  physical  laws,  the  system  of  solar  meteorology  which  I 
have  endeavoured  faintly  to  sketch  would  tend  to  show,  1st,  that 
a  continuous  supply  of  solid  meteoric  matter  may  be  accounted 
for ;  2ndly,  that  the^sun's  mass  may  remain  constant ;  and  3rdly, 
that  the  molecular  motion  of  common  matter,  supposed  by  the 
repulsion  theory  of  thermo-dynamics  to  be  directly  inconver- 
tible into  work,  may  be  converted  into  the  force  of  gravitation 
by  the  supposed  phenomena  of  the  meteoric  theory ;  and  hence 
would  result  strong  presumptive  evidence  of  a  general  stability  of 
equilibrium  in  all  the  physical  phenomena  of  the  universe.  The 
quantity  of  heat  emanating  from  the  sun  is  so  vast  that  no  phy- 
sical theory  of  its  replenishment  can  be  considered  satisfactory 
which  should  not  provide  for  an  indefinite  supply  of  heat-pro- 
ducing material;  and  no  pliysical  theory  can  meet  this  require- 
ment except  on  the  principle  of  circulation  and  transformation. 
And  are  not  all  natural  analogies  in  favour  of  such  a  prin- 
ciple ? 

However  attractive  such  speculations  may  be  to  the  fancy,  I 
should  not  choose  to  obtrude  hypotheses  of  cosmical  dynamics 
unconnected  with  practical  objects.     In  my  long  observations  on 
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the  working  of  heat-engiues,  I  have  not  been  able  to  verify  the  dis- 
appearance of  heat  supposed  by  the  dynamical  theory  to  be  con- 
verted into  work ;  and  no  experiments  that  I  haVe  been  able  to 
devise,  or  that  have,  to  my  knowledge,  been  made  by  others, 
have  proved  the  fact.  Hence  I  have  been  led  to  investigate  the 
subject  from  a  different  point  of  view,  in  the  hope  of  disco- 
vering some  satisfactory  clue  towards  the  unravelling  of  this  very 
intricate  inquiry.  My  chief  aim  in  these  pursuits  has  been,  and 
is,  to  see  a  satisfactory  apj)lication  of  sound  thermo-dynamical 
principles  to  the  improvement  of  our  heat-engines.  An  eminent 
scientific  authority  has  called  the  practical  application  of  thermo- 
dynamics ''the  grandest  question  of  all;"  and  while  our  prac- 
tical engineers  and  mechanicians  should  encourage  the  noble 
ambition  of  elevating  their  technical  operations  to  the  rank  of 
true  scientific  performances,  our  eminent  men  of  science  should 
not  disdain  to  study  in  its  practical  details  the  Titanic  engine 
which  forms  one  of  Britain's  noblest  boasts;  and  thus  with 
united  energies  we  may  reasonably  hope  to  achieve  improve- 
ments hitherto  unlooked  for  in  our  thermic  prime  movers. 

Palermo,  May  23,  1864. 


XLVI.   On  Shooting. Stars.     By  "Father  Secchi*. 

THIS  year,  as  in  1861,  the  electric  telegraph  between  the 
observatories  at  the  Collegio  Romano  and  at  Civita  Vecchia 
was  employed  in  order  to  make  simultaneous  observations,  at 
these  places,  on  the  shooting-stars  of  August.  The  object  of 
these  observations  was  to  determine  the  height  at  which  these 
meteors  become  luminous,  and  to  ascertain  the  limits  of  our 
atmosphere.  The  observations  were  commenced  on  the  5th, 
and  concluded  on  the  10th  of  August.  There  were  four  obser- 
vers at  Rome,  between  whom  the  whole  celestial  vault  was 
divided;  and  two  at  Civita  Vecchia,  who  had  instructions  to 
observe  the  north-eastern  half  of  the  heavens  from  the  Great 
Bear  to  Aquarius.  M.  Stabuti  and  Prof.  F.  Armellini  had  the 
kindness  to  assist  me  in  these  observations ;  the  former,  aided 
by  MM.  Devarno  and  Caravani  at  the  chronometer,  observed  at 
Civita  Vecchia ;  the  latter,  together  with  the  other  assistants  of 
the  observatory,  observed  with  me  at  Rome.  The  object  of  these 
observations  being  to  fix,  precisely,  the  positions  and  trajectories, 
rather  than  the  number  of  the  meteors,  many  of  the  latter  (con- 
temporaneous ones  included)  were  neglected  when  their  number 
prevented  the  positions  of  all  from  being  well  determined. 

*  From  a  letter  to   M,  E.  de  Beaumont,    published  in  the   Comptes 
Rendus  de  V Academie  des  Sciences,  September  26,  1864. 
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The  apparition  of  a  star  was  indicated  from  one  place  to  the 
other  by  a  touch  of  the  telegraph,  given  at  each  place  for  each 
star  seen ;  and  when  the  touches  at  both  places  were  contempo- 
raneous, the  position  as  seen  from  CivitaVecchia  was  immediately 
telegraphed  to  Rome,  so  that  we  were  able  to  see  at  once  what 
parallax  existed  between  the  two  stations. 

The  following  Table  shows  the  results,  relative  to  the  number 
of  meteors,  which  were  obtained : — 


Number  of  stars  observed. 

Date  of 
obserra- 
tion  in 
August. 

Period  of  observation. 

Propor- 
tional 
number 
per  hour. 

Rectified 
namber. 

Contem- 
pora- 

Non-eontempora- 
neous. 

Com- 

mence- 
ment. 

End. 

Duration. 

neous. 

At  Rome. 

At  Civita 
Vecchia. 

b    m 

h    m 

h    m 

5 

8  48 

10  14 

1  26 

5 

31 

11 

28-9 

6 

8  45 

10  23 

1  38 

12 

38 

8 

306 

7 

9  15 

10  28 

1   13 

8 

43 

3 

41-9 

8     . 

9  39 

10  37 

0  58 

20 

.     34 

21 

55-8 

9 

9    8 

10  48 

1  40 

19 

53 

19 

43  2 

10 

9    2 

12    5 

3  13 

29 

118 

G3 

45-7 

63 

The  moon  and  mists  were  somewhat  troublesome  on  the  9th 
and  10th ;  the  rectified  number  expresses  the  result,  in  one  hour, 
when  moon  and  mist  were  both  absent.  The  contemporaneous 
observations  ])ioved,  as  in  1861,  that  the  parallaxes  were,  in 
general,  enormous,  but  nevertheless  such  as  to  establish  the  con- 
siderable height  of  our  atmos})hcre.  Notwithstanding  the  inde- 
tez'mination  caused  by  errors  of  observation,  it  was  impossible, 
even  for  an  inexperienced  observer,  to  be  deceived,  since  the 
parallaxes  changed  the  places  of  entire  constellations.  Neverthe- 
less we  shall  see  that  much  uncertainty  still  remains  with  respect 
to  the  distances,  and  that  the  solution  of  the  problem  is  not  so 
simple  as  is  genei-ally  believed. 

The  determination  of  the  heights  of  these  meteors  would  be 
very  easy  if,  in  reality,  the  same  point  of  the  trajectory  had  been 
observed  at  the  same  instant  from  both  stations.  For  if  the 
two  visual  rays  to  this  point  (say  the  commencement)  were  drawn, 
from  their  intersection  a  perpendicular  let  fall  on  the  plane  of 
the  horizon,  and  the  foot  of  the  latter  joined  to  the  two  stations, 
a  pyramid  would  be  obtained  the  length  of  whose  vertical  edge 
would  be  the  height  of  the  star.  The  magnitude  of  this  per- 
pendicular might  be  obtained,  either  from  calculation,  or  by  a 
graphic  construction  similar  to  that  employed  in  gnomonics  for 
vertical,  declined  dials.  It  is  merely  necessary  to  know  the  azi- 
muths observed  at  the  two  stations,  and  the  angular  altitudes. 
From  this  construction  it  follows,  too,  that  the  magnitude  of  the 
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perpendicular  ought  to  remain  the  same  when  the  elevations  of 
the  two  stations  are  employed ;  the  degree  of  accordance  between 
the  two  results  serves  as  a  criterion  of  the  trustworthiness  of  the 
observation.  Repeating  the  same  construction  for  the  end  of 
the  trajectory^  another  point  is  ascertained,  after  which  the 
direction  and  inclination  of  the  actual  trajectory  are  readily  de- 
duced. 

In  order  to  determine  the  coordinates  of  altitude  and  azimuth, 
the  trajectories  were  first  transferred  to  a  celestial  globe  0'53 
metre  in  diameter,  the  apparent  trajectories  corresponding  to  the 
two  stations  being  marked  with  different  colours.  Afterwards 
all  the  altitudes  and  azimuths,  of  the  sixty-nine  contemporaneous 
trajectories  which  were  visible  from  beginning  to  end,  were 
determined  on  the  globe  itself  (placed  according  to  the  sidereal 
hour,  which  had  previously  been  calculated  from  the  mean  times 
of  observation)  by  means  of  a  moveable  vertical  quarter  of  a 
circle. 

These  preliminaries  completed,  I  proceeded  to  the  gra- 
phical constructions,  referring  ail  to  the  horizon  of  Rome,  con- 
sidered as  parallel  to  that  of  Civita  Vecchia ;  for  the  difference 
scarcely  exceeds  "half  a  degree,  the  distance  between  the  stations 
being  merely  65  kilometres. 

The  results  of  these  constructions  showed  that  in  a  great 
number  of  cases  the  values  of  the  perpendicular  heights  agreed 
tolerably  well,  or  at  all  events  that  they  could  be  made  to  agree 
by  supposing  very  probable  errors  of  observation  amounting  to 
1  or  3  degrees.  There  were  many  cases,  however,  in  which  this 
agreement  was  inadmissible.  Nevertheless,  as  no  doubt  could 
be  entertained  of  the  contemporaneity  of  the  observations,  and 
as  the  general  directions  of  the  apparent  trajectories  accorded  with 
those  which  parallax  required,  we  were  compelled  to  admit  that 
the  same  point  of  the  actual  trajectory  had  not  in  reality  been 
observed,  but  that  the  star  had  been  seen  from  the  two  stations 
at  difterent  points  of  its  course. 

This  conclusion  involves  no  improbability ;  for,  first,  the  light 
of  many  stars  is  very  feeble  at  the  beginning  and  end  of  its 
visible  course,  and  a  difference  of  distance  amounting  to  60  or 
70  kilometres  might  easily  render  it  invisible  from  one  of  the 
two  stations;  secondly,  notwithstanding  all  possible  care  and 
attention,  the  eye  perceives  the  star  only  after  its  course  has 
commenced,  and  it  is  not  at  all  uncommon  to  find  disaccordance 
even  between  two  observers  at  the  same  place ;  and  lastly,  the 
strength  of  the  observei-'s  vision  must  affect  essentially  the 
result.  This  is  proved  indirectly  by  the  fact  that,  for  the 
observed  ignition,  at  the  middle  of  its  course,  of  a  star  which 
burst  into  a  red-coloured  flame  and  was  seen  from  both  stations, 

2C2 


380  M.  Secchi  on  Shooting -Stars, 

the  construction  gave  a  height  nearly  identical  for  both  stations, 
amounting  to  105  kilometres. 

Here,  then,  is  a  new  and  unexpected  difficulty  in  obtaining 
exact  results.  Its  solution,  nevertheless,  is  not  difficult.  It  will 
suffice  in  fact  to  apply  in  such  cases  the  principles  of  descrip- 
tive geometry,  and  to  trace  the  direction  of  the  real  trajectory 
according  to  any  two  portions  of  the  apparent  trajectories  seen 
from  the  two  different  stations.  Prof.  F.  Armellini  kindly 
undertook  this  determination  in  many  of  the  cases  which  proved 
most  difficult  and  rebellious  to  the  simple  geometrical  construc- 
tion. His  results  were  very  satisfactory ;  it  was  thus  proved 
that  these  cases  followed  the  rule  applicable  to  the  others,  but 
it  was  necessary  to  admit  that  the  star  had  become  visible  at 
different  times  from  the  two  stations.  Another  consequence  of 
these  more  accurate  constructions  is  the  approximate  correctness 
of  the  mean  of  the  two  heights  deduced  from  the  simple  con- 
struction— at  all  events  when  the  latter  do  not  differ  too  greatly. 

This  premised,  I  proceed  to  the  results  obtained  for  the 
heights  of  the  meteors.  In  round- numbers  the  mean  of  all 
these  heights  was  from  101  to  100  kilometres.  There  were, 
in  fact, 

6  stars  whose  heights  were  between     40  and     60  kilometres. 

7  „  „  „  60     „      80        „ 
10               „             „             „  80     „    100 

17  „  „  „  100     „    120        „ 

3  „  „  „  120  „  140        „ 

5  „  „  „  140  „  160 

2  „  „  „  160  „  180        „ 

1  «  »  „  180  „  200 

2  „  „  „  200     „    220 

3  „  „  „•  200  and  upwards. 

Thus  the  heights  of  37  out  of  the  whole  56  stars  (about  50 
per  cent.)  fell  between  80  and  120  kilometres.  As  in  many 
cases  the  trajectory  was  perpendicular  to  the  vertical  plane  pas- 
sing through  the  two  stations,  the  height  of  the  trajectory  was 
constructed  directly  by  the  principle  of  parallaxes,  and  amounted 
to  93  kilometres.  The  mean  of  the  heights  of  the  points  of 
extinction  was  75  kilometres.  The  greatest  of  the  observed 
heights  amounted  to  between  240  and  260  kilometres ;  but  it 
must  not  be  forgotten  that  these  values  may  have  been  influ- 
enced by  the  errors  of  observation  above  discussed.  Neverthe- 
less in  these  cases  the  heights  must  have  exceeded  200  kilo- 
metres. 
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Another  remarkable  circumstance  is  the  small  horizontal  distance 
of  these  meteors  :  in  no  case  did  it  exceed  222  kilometres,  or  2 
geographical  degrees.  A  somewhat  curious  consequence  of  this 
is  that  no  meteor  seen  from  one  of  two  stations,  more  than  444 
kilometres  asunder,  can  be  identical  with  any  of  those  seen  from 
the  other.  If  the  space  that  can  be  examined  by  an  observer 
from  a  given  station  were  referred  to  a  globe  half  a  metre  (in 
diameter),  we  should  find  that  a  franc-piece  would  cover  just  as 
much  of  its  surface. 

This  explains  why,  in  certain  showers  of  shooting-stars,  the 
latter  have  often  been  so  concentrated  in  one  place  and  wholly 
invisible  in  another,  and  also  why  the  shooting-stars  of  the 
period  of  the  10th  of  August  are  not  visible  in  the  southern 
hemisphere.  We  may  also  obtain  from  the  above  considerations 
some  conception  of  the  prodigious  number  of  these  meteors ;  for 
if  we  were  to  take  a  circle  whose  radius  is  equal  to  the  distance 
from  Rome  to  Paris,  and  to  suppose  the  density  of  these  meteors 
to  be  63  per  hour  (as  actually  found  this  year  at  Paris  by  M. 
Coulvier-Graviei',  and  at  Rome  by  ourselves),  the  number  of 
meteors  falling  thereon,  daily,  would  be  found  to  be  18,144. 
This  density,  however,  is  very  small,  and  the  surface  in  question 
is  not  even  equal  to  the  half  that  of  the  continent  of  Europe. 

In  conclusion,  we  must,  I  think,  admit  that  the  height  of  our 
atmosphere  exceeds  200  kilometres  (124^  English  miles),  and 
that  at  this  elevation  the  density  of  the  air  is  sufficient  to  excite 
light  when  violently  compressed  at  the  surface  of  these  bodies. 
I  say  to  excite  light,  and  not  always  to  produce  combustion  ;  for, 
according  to  the  observations  where  a  veritable  combustion  was 
seen  to  be  determined  in  the  middle  of  the  star's  course,  it  may 
be  questioned  whether  in  reality  every  train  is  an  actual  com- 
bustion, or  whether  it  may  not  arise  from  the  production  of  an 
electric  light  developed  during  the  violent  friction  of  the  meteor 
against  the  air;  the  heat  accompanying  which,  however,  may 
sometimes  elevate  the  temperature  of  the  body  to  the  point  of 
fusion.     Subsequent  obsei-vations  must  decide  this  question. 

In  closing  this  letter  I  may  observe  that  the  point  of  depar- 
ture of  most  of  the  shooting-stars  always  lay  between  Cepheus 
and  Cassiopeia,  but  that  the  parallax  must  necessarily  cause  this 
point  to  vary  for  different  stars  as  well  as  for  the  same  star 
as  seen  from  diff'erent  stations.  Thus  a  star  which  to  us  ap- 
peared to  be  altogether  without  tail,  the  eye  being  in  its  direction 
from  Cassiopeia,  was  seen  from  Civita  Vecchia  with  a  pretty  long 
tail  and  in  another  part  of  the  heavens.  Two,  indeed,  were  ob- 
served to  have  opposite  directions ;  but  these  manifestly  moved 
very  slowly. 


[     382     ] 

XLVII.   On  Molecular  Physics.     By  Prof.  W.  A.  Norton. 
[Continued  from  p.  282.] 

IN  considering  the  changes  of  state  through  which  the  same 
substance  may  pass,  we  have  been  led  to  recognize,  as  an 
important  physical  principle  upon  which  the  mechanical  pro- 
perties manifested  in  each  new  condition  in  a  great  degree  depend, 
that  the  physical  condition  of  the  individual  molecules  is  liable 
to  permanent  variations  from  the  effect  of  heat,  and  that  these 
variations  consist  in  expansions  of  the  electric  atmospheres 
which  surround  the  atoms  of  the  molecules.  If  we  take  a  more 
extended  view,  and  consider  the  diverse  permanent  changes  of 
condition  which  the  same  substance  may  experience  while  in 
the  same  state  of  aggregation,  we  may  discern  the  operation  of 
a  still  more  comprehensive  principle,  viz.,  that  the  physical 
state  of  the  atmosphere  of  a  molecule,  and  therefore  the  curve 
w^hich  represents  its  action  iipon  surrounding  molecules,  is  liable 
to  permanent  alteration  from  the  action  of  external  forces  gene- 
rally. It  is  well  known  that  if  a  mechanical  force,  of  conside- 
rable intensity,  be  applied  for  a  short  interval  of  time  to  a  body, 
the  result  will  be  a  permanent  change  in  its  form.  The  expe- 
riments of  Hodgkinson  have  indeed  established  that  a  certain 
set  may  be  imparted  to  bars  of  cast  iron,  by  a  temporary  load 
which  is  but  a  small  fraction  of  its  breaking  load,  and  that  "  there 
is  no  weight,  however  small,  that  will  not  injure  the  elasticity  "  of 
such  a  bar.  As  we  cannot  suppose  that  a  given  mass  of  mole- 
cules, while  retaining  forces  of  mutual  action  of  unvarying  in- 
tensity, can  take  up  an  infinite  number  of  positions  of  equili- 
brium, differing  but  slightly  from  each  other,  we  must  conclude 
that  the  individual  molecules  experience  some  change  of  condi- 
tion, which  occasions  a  change  in  the  intensities  of  the  forces 
they  exert  in  a  given  direction. 

From  our  present  theoretical  point  of  view,  such  possible 
changes  of  condition  consist  in  compressions,  or  expansions, 
of  the  molecular  atmospheres,  either  as  a  whole  or  unequally 
on  different  sides.  In  the  former  case  there  will  be  a  variation 
in  the  size  of  the  atmosphere,  and  in  the  intensities  of  the 
forces  of  attraction  and  repulsion  exerted  by  the  molecule  at 
a  given  distance,  but  the  forces  exerted  in  different  directions 
will  have  an  equal  intensity.  In  the  latter  case  there  will  be  a 
variation  in  the  form  of  the  atmosphere,  and  an  inequality  of 
action  in  different  directions.  The  form  assumed  will  be  sphe- 
roidal, or  approximately  so,  supposing  it  to  have  been  origi- 
nally spherical;  and  the  mechanical  result  will  be  the  exer- 
tion of  an  increased  force  of  attraction  from  the  sides  of  the 
molecule  at  which  its  atmosphere  is  compressed,  and  a  dimi- 
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nished  force  from  the  sides  at  which  the  atmosphere  is  expanded. 
This  follows,  as  a  necessary  consequence,  from  the  fundamental 
conception  of  molecular  forces,  developed  on  pages  199  to 
204,  as  may  be  distinctly  seen  by  attending  to  the  values  of 

—  and  r.     It  will  thus  be  seen  that  the  molecular  atmospheres, 

in  assuming  the  spheroidal  form,  under  special  circumstances, 
determine  the  existence  of  molecular  axes  of  cohesive  attraction, 
"  whose  force  is  inversely  related  to  their  length."  In  the  direc- 
tion of  such  axes,  then,  the  limit  of  stable  equilibrium  {Oa, 
fig.  1,  p.  203)  will  be  least  for  the  shorter  axis,  and  greater  for 
the  longer  axis. 

When  a  force  of  pressure  applied  to  a  body  determines  a  per- 
manent compression,  the  molecular  atmospheres  remain  com- 
pressed, or  in  closer  proximity  to  their  central  atoms,  and  the 
force  of  cohesive  attraction  is  permanently  increased,  and  the 
limit  of  stable  equilibrium  diminished.  The  heat  developed  is 
a  necessary  result  of  the  compression  of  the  atmospheres.  If  the 
elastic  reaction  to  the  pressure  after  it  is  withdrawn  were  per- 
fect, the  atmospheres  would  I'csume  their  original  form  and 
dimensions,  the  original  molecular  forces  would  be  recovei'ed, 
and  the  heat  evolved  would  be  absorbed  again.  In  general 
when  mechanical  forces  are  applied  to  a  body,  the  heat  evolved, 
or  absorbed,  is  a  necessary  accompaniment  of  the  compressions, 
or  expansions,  superinduced  in  the  atmospheres  of  the  particles, 
and  may  be  regarded  as  a  sensible  indication  of  the  extent  of 
such  changes  of  molecular  condition.  The  mechanical  work,  of 
which  the  heat  evolved  serves  as  the  measure,  is  expended  in 
urging  the  atmospheres  nearer  to  their  central  atoms. 

On  the  other  hand,  if  heat  be  directly  applied  to  a  body,  it 
has  a  tendency  opposite  to  that  of  a  mechanical  pressure,  or  to 
expand  the  molecular  atmospheres,  and  so  to  reduce  the  inten- 
sity of  the  cohesive  attraction  at  a  given  distance.  It  is  to  be 
observed  also  that  heat  has  a  tendency  to  dissolve  the  groups  in 
which  the  particles  of  a  solid  may  be  aggregated,  and,  when  the 
point  of  fusion  is  reached,  will  effectually  break  up  such  groups 
and  bring  the  mass  to  the  condition  of  a  homogeneous  and  sym- 
metrical arrangement  of  molecules. 

Solidification,  or  Crrjstallization. — It  is  a  well  recognized  prin- 
ciple that  solidification  and  crystallization  are  the  same  process. 
This  great  principle  was  first  propounded  by  the  learned  and 
acute  Dr.  Young  in  1807,  in  his  lectures  on  Natural  Philosophy. 
It  has  also  been  advocated  by  Biot  and  other  physicists,  and 
more  recently  has  been  reasserted  and  ably  sustained  by  Professor 
Dana,  in  his  admirable  paper  "  On  Cohesive  Attraction,"  pub- 
lished in  vol.  iv.  second  series,  of  Silliman's  Journal,     If  now  it 
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be  admitted  that  solidification  is  in  every  instance  but  a  more  or 
less  perfect  crystallization,  it  will  be  perceived  that  the  investi- 
gation of  the  mechanical  process  of  crystallization  must  consist 
essentially  in  an  inquiry  into  the  conditions  and  results  of  the 
operation  of  the  molecular  forces  under  special  circumstances. 
The  general  nature  of  these  forces,  and  the  laws  of  the  variation 
of  effective  molecular  action  with  the  distance  between  two  mo- 
lecules, have  already  been  under  discussion.  We  have  also  seen 
(pp.  382,  383)  that  the  mechanical  condition  of  an  individual 
molecule  is  subject  to  change  under  the  operation  of  heat,  and 
external  forces  generally,  by  reason  of  a  change  produced  either 
in  the  dimensions  or  form  of  the  atmosphere  of  the  molecule, 
and  that  it  may  thus  acquire  permanent  axes  of  attractive  force. 
To  establish  a  sufficient  basis  for  a  general  explanation  of  crys- 
tallization, we  have  only  to  remark  further  that  the  molecule  of 
every  particular  substance  has  primarily  aud  inherently  its  own 
special  physical  condition,  by  virtue  of  which  it  exercises  an 
effective  action  that  would  be  represented  by  a  special  curve,  and 
experiences  under  the  operation  of  heat  and  other  causes  its  own 
peculiar  chauges  of  mechanical  condition.  Upon  this  idea  it 
may  be  seen  that  every  substance  may  have  its  particular  form 
of  crystallization,  although  the  molecules  should  be  devoid  of  all 
natural  polarity. 

The  different  systems  of  ciystallization  may  be  regarded  as  so 
many  different  systems  of  equilibrium  of  masses  of  molecules, 
under  the  operation  of  molecular  forces  diversely  modified  by 
the  circumstances  that  determine  the  crystallization.  The  gene- 
ral nature  of  the  modifications  consists  in  a  spheroidal  form  im- 
parted to  the  molecular  atmospheres,  and  the  consequent  deve- 
lopment of  certain  axes  of  attraction — that  is,  of  diameters  of 
least  or  greatest  length,  in  the  direction  of  which  the  attraction 
has  at  a  given  distance  a  maximum  or  minimum  value,  and  the 
limit  of  stable  equihbrium  (Oa,  fig.  1,  p.  203)  a  minimum  or 
maximum  value. 

Crystallization  begins  at  a  certain  point  of  a  liquid,  and  is 
generally  determined  by  the  loss  of  heat,  or  the  evaporation  of 
the  liquid  solvent.  We  already  have  seen  reason  to  believe  that 
the  molecules  of  the  liquid  have  a  symmetrical  arrangemeut 
previous  to  the  crystallization  (p.  279).  AYhether  this  be  ad- 
mitted or  not,  such  an  arrangement  obtains  in  the  crystal  formed 
from  the  liquid.  The  particles  successively  take  positions  in  the 
corners  or  angular  points  of  a  series  of  polyhedral  figures;  as 
cubes,  prisms,  octahedrons,  &c.  Any  two  such  figures  lying 
contiguous  to  each  other,  have  a  common  face,  or,  as  in  the  case 
of  the  octahedron,  a  common  angular  point.  The  crystalliza- 
tion takes   place    either  successively  or  simultaneously  in  the 
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faces  of  these  figures.     We  have  then  first  to  consider  the  pro- 
cess of  crystallization  as  it  may  occur  in  a  single  plane. 

The  result  of  every  such  process  is  the  arrangement  of  the 
molecules  in  the  angular  points  of  a  series  of  quadrilaterals  j 
which  may  be  squares,  rectangles,  rhombuses,  or  rhomboids.  If 
we  suppose,  in  the  first  instance,  several  molecules  to  unite  along 
a  single  line,  and  molecules  posited  on  either  side  of  this  line  to 
unite  with  those  already  crystallized,  three  different  general 
modes  of  arrangement  may  occur :  the  new  particles  may  take 
up  positions  opposite  those  of  the  first  line,  or  opposite  the  mid- 
dle points  of  the  intervals  between  these  particles,  or  opposite 
other  than  the  middle  points  of  these  intervals.  In  the  first 
case,  squares  or  rectangles  will  be  formed;  in  the  second,  rhom- 
buses, which  may  in  special  cases  be  squares ;  and  in  the  third, 
rhomboids,  which  in  special  cases  may  be  rectangles.  The  ge- 
neral tendency  of  the  crystallization  occurring  along  the  first  line 
should  be,  by  reason  of  the  compression  of  the  molecular  atmo- 
spheres along  this  line,  and  the  consequent  expansion  of  them 
in  a  direction  perpendicular  to  it,  to  develope  an  axis  of  in- 
creased attraction  in  this  primary  line  of  crystallization,  and 
an  axis  of  diminished  attraction  in  the  perpendicular  direction. 
When  this  result  is  reached,  and  successively  along  the  lines  of 
particles  parallel  to  the  first,  the  figure  assumed  will  be  either 
a  square,  a  rectangle,  or  a  rhombus.  The  two  molecular  axes 
will  be  coincident  with  the  sides  of  the  minute  rectangular 
figures  that  make  up  the  larger  rectangle,  and  with  the  diagonals 
of  each  minute  rhombus.  The  condition  essential  to  the  forma- 
tion of  a  square  is  that  the  properties  of  the  molecules  in  refer- 
ence to  cooling  (or,  in  general,  in  reference  to  the  propagation 
and  absorption  of  impulses)  should  be  such  that  each  set  of  four 
contiguous  molecules  are,  when  in  the  incipient  state  of  crystal- 
lization, in  the  same  physical  condition.  That  a  rectangle  may 
be  formed,  a  group  of  four  particles  must  unite ;  but  the  escape 
of  the  heat-pulses  that  occurs  primarily  in  the  direction  of  one 
of  the  sides  of  the  rectangle  must  determine  a  greater  compres- 
sion of  the  molecular  atmospheres  in  this  direction  than  in  that 
of  the  other  side.  That  the  figure  of  a  rhombus  may  be  assumed, 
two  particles  must  first  unite,  and  subsequently  two  other  par- 
ticles must  take  up,  under  the  attractive  action  of  these,  posi- 
tions opposite  the  middle  of  the  interval  betv/een  them.  To 
understand  how  a  rhomboid  may  result,  we  must  observe  that 
when  a  line  of  particles  is  crystallizing,  each  particle,  m,  as  it 
becomes  united,  exerts  a  certain  disturbing  action  upon  a  par- 
ticle m!  next  in  the  line,  and  also  upon  a  contiguous  particle  n 
at  one  side  of  the  line.  When  the  particle  ?/«'  unites,  it  also 
modifies  the  condition  of  n ;  but  as  its  action  is  subsequent  to 
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that  of  m,  it  is  possible  that  in  special  cases  the  final  result  may 
be  an  inequality  of  disturbance,  so  that  m  and  m'  will  attract  n 
unequally,  and  the  position  of  equilibrium  assumed  by  it  will  in 
consequence  not  be  opposite  the  middle  of  the  interval  between 
m  and  m'.  In  this  case  the  electric  atmosphere  of  n  will  have  a 
form  differently  modified,  and  its  second  axis  will  be  oblique  to 
the  line  of  primary  crystallization  in  which  the  axis  first  deve- 
loped lies. 

The  figure  first  assumed  must  then  depend  upon  the  funda- 
mental properties,  with  respect  to  heat,  &c.,  of  the  individual 
molecules  of  the  substance ;  and  the  general  tendency  must  be, 
for  the  first  group  of  molecules  to  acquire  increased  dimensions 
by  successive  solidifications  of  a  series  of  figures  similar  to  the 
first. 

In  what  precedes,  we  have  had  regard  only  to  the  play  of  the 
ordinary  molecular  forces,  and  the  modifications  which  the  ordi- 
nary molecular  action  may  experience  from  the  loss  of  heat,  and 
in  the  act  of  solidification  ;  but  there  must  result  in  each  instance 
of  the  union  of  two  particles  a  modification  of  the  condition  of 
their  atmospheres,  which  should  devclope  a  new  force  of  attrac- 
tion that  may  play  an  important  part  in  the  continuation  of  the 
process  of  crystallization.  For  when  two  particles  unite  by 
crystallization,  their  atmospheres  on  their  nearer  sides  will  be- 
come comjircsscd,  and  consequently  on  their  further  sides  ex- 
panded. Each  molecule  will  thus  virtually  be  brought  into  an 
electro-polar  condition,  with  the  positive  pole  turned  outward. 
This  positive  pole,  or  excess  of  electric  sethex',  tends  to  bring  all 
the  molecules  lying  in  the  prolongation  of  the  line  of  the  first 
two  into  the  same  electro-polar  condition,  and  in  this  state  of 
induced  polarization  a  force  of  electric  attraction  will  subsist 
between  the  ])articlcs.  As  one  particle  after  another  in  the  line 
comes  to  unite  with  those  previously  crystallized,  its  previous 
polarization  will  be  enhanced,  and  it  will  exert  an  increased 
attractive  force  upon  those  not  yet  crystallized.  At  the  same 
time,  by  the  compressive  and  repulsive  action  of  the  contiguous 
atmospheres,  the  particle  with  which  the  new  one  unites  will 
lose  a  considerable  portion  of  its  polarity.  This  reflex  action, 
attendant  upon  every  act  of  union,  should  eventually  greatly 
diminish,  if  not  wholly  remove,  the  prior  induced  polarization. 

Another  efi"eet  of  this  reflex  action  to  be  noticed  is,  the  in- 
creased expansion  of  the  atmosphere  of  the  molecule  which 
experiences  the  reactive  compression  in  the  direction  perpendi- 
cular to  the  line  of  crystallization.  This  molecule  thus  acquires 
an  increased  positive  polarization  on  the  outer  side,  lying  in  this 
perpendicular  direction,  and  therefore  exerts  an  increased  force 
of  electric  attraction  in  this  direction.     In  the  varying  operation 
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of  this  induced  electric  polarization,  and  of  the  reflex  action  just 
noticed,  we  may  discern  the  probable  origin  of  those  supposed 
variations  of  axial  attraction  which  Professor  Dana  has  shown 
will  suffice  for  the  explanation  of  secondary  planes  in  crystal- 
lization, y,.^   ,, 

To  illustrate  by  a  special  case,  let  °'  *" 

fig.  2  represent  a  process  of  crystalli- 
zation in  which  the  particles  are  ar- 
ranged in  successive  squares.  When 
c,  c,  c  are  the  outer  particles,  their 
outer  sides  will  be  positively  pola- 
rized, and  will  consequently  exert  an 
electric  attraction,  in  addition  to  the 
increasing  molecular  attraction  that 
results  from  the  cooling,  upon  the 
molecules  d,  d,  c'  immediately  exterior 
to  them.  The  next  step  in  the  pro- 
cess should  be  the  union  of  the  molecules  thus  attracted ;  and 
all  of  these  molecules  should  have  the  same  tendency  to  unite, 
unless  there  should  be  a  material  inequality  in  the  physical  con- 
dition of  the  outer  particles  c,  c,  c,  c  on  different  sides  of  the 
square,  ccc c.  But  the  four  corner  particles,  c",  c",  c",  c",  can- 
not thus  be  directly  brought  into  union  with  the  particles  of  the 
crystal.  They  must  either  unite  with  the  nearest  particles  of 
those  newly  attached,  or  remain  disunited,  to  become  incorpo- 
rated at  a  later  stage  of  the  process.  In  the  normal  or  complete 
grow^th  of  the  crystal,  the  first  would  be  the  result.  If,  on  the 
other  hand,  the  forces  of  the  new  lines  of  outer  particles  c',  c'  d,  d 
should  fall  off  materially  in  intensity,  so  that  the  corner  particles 
c"  are  not  taken  up  in  the  same  step  of  the  process  as  the  others, 
secondary  lines  would  arise  at  the  angles  of  the  square  d,  c",  d,  c". 
In  the  whole  cubical  crystal,  of  which  fig.  2  represents  a  section, 
secondary  planes  would  be  formed  at  the  edges.  Every  such  line 
or  plane  may  have  different  positions,  according  as  the  corner  par- 
ticles in  question  (c")  become  incorporated  in  the  next  stage  of 
the  growth  of  the  crystal,  or  in  some  of  the  subsequent  stages. 
This  Professor  Dana  has  distinctly  shown.  What  we  have  here 
to  observe  is  simply  that,  by  reason  of  the  reflex  action  above 
noticed  (p.  386),  when  new  particles  become  united  to  c',  d,  these 
particles,  d,  d,  will  in  fact  exert  a  more  energetic  attraction  late- 
rally upon  c",  d' ;  and  hence  the  union  of  c",  c"  with  the  crystal 
may  then  be  determined.  If  not,  the  next  augmentation  of  the 
attractive  force  attendant  upon  the  union  of  the  next  set  of  mo- 
lecules may  determine  this  result. 

In  order  that  a  complete  polyhedral  crystal  may  be  formed,  it 
is  necessary  that  molecules  on  one  or  both  sides  of  a  plane  in 
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which  crystalUzation  occurs  should  become  united  with  those 
that  take  up  their  positions  at  the  angles  of  the  plane  figure. 
Thus  two  sets  of  four  molecules  in  parallel  planes  may  take  up 
positions  of  equilibrium  at  the  eight  angular  points  of  a  cube, 
or  six  may  form  an  octahedron,  &c.  The  conditions  that  will 
determine  the  figure  of  equilibrium  assumed  may  be  inferred 
from  the  general  considerations  already  presented  (pp.  385  and 
386).  The  compression  of  the  molecular  atmospheres  in  the 
first  plane  of  crystallization  will  tend  to  develope  a  third  axis  of 
attraction  perpendicular  to  this  plane.  Various  systems  of  crys- 
tallization are  possible,  since  the  pai'ticlcs  on  one  side  of  the 
first  plane  may  take  up  positions  of  equilibrium  perpendicularly 
opposite  to  those  that  crystallize  in  this  plane,  or  opposite  the 
intervals  between  parallel  pairs  of  these  particles,  or  opposite  the 
centre  of  the  quadrilateral  figure  which  they  form*. 

Professor  Dana  has  shown  that  the  various  fundamental  forms 
of  crystals  may  be  obtained  by  regarding  the  crystal  as  a  mass 
of  bipolar  molecules,  of  a  spherical  or  spheroidal  form,  in  con- 
tact along  certain  lines,  which  are  the  conjugate  axes  or  conju- 
gate diameters  of  the  spheroids.  This  conception  of  the  consti- 
tution of  a  crystal  is,  in  a  geometrical  point  of  view,  equivalent 
to  that  which  has  now  been  given.  For  we  have  only  to  con- 
ceive spheroids  to  be  inscribed  in  the  polyhedral  figures  of  the 
compound  crystal  molecules  just  supi)osed,  to  obtain  the  repre- 
sentative spheroidal  molecules  of  Prof.  Dana;  which  will  also 
touch  each  other  along  similar  conjugate  diameters  of  the  differ- 
ent spheroids.  It  is  not  difficult  to  make  out  the  various  posi- 
tions of  equilibrium  of  the  particles  that  must  obtain  in  the 
diff"erent  fundamental  forms,  and  the  various  physical  conditions 
of  the  particles  upon  which  these  forms  must  dependf. 

In  his  paper  "  On  Cohesive  Attraction/^  Professor  Dana  has 
apparently  put  the  explanation  of  the  cleavage  of  crystals  on  the 
true  basis,  by  attributing  it  to  alternations  in  the  intensity  of  the 
attraction  in  a  series  of  parallel  planes.  If  such  alternations 
really  exist,  we  naturally  seek  for  the  explanation  of  them  in 
alternations  of  the  mechanical  condition  of  the  molecules  upon 

*  This  is  only  a  partial  view  of  the  matter. 

t  The  hypothesis  of  a  permanent  polarity  of  atoms  or  molecules  has 
subserved  a  valuable  purpose  in  linking  together  phenomena  under  one 
physical  conception  in  several  departments  of  physical  science;  but  the 
l)rogress  of  science  has  materially  tended  of  late  to  shake  the  confidence 
reposed  in  it  as  a  supposed  truth  of  Nature.  It  will  be  conceded  that  it  is 
the  dictate  of  true  philosophy  to  hold  it  in  abeyance  until  it  shall  have 
become  abundantly  evident  that  the  phenomena  in  question  cannot  be 
deduced  from  the  fundamental  conception  of  the  constitution  of  a  mole- 
cule, and  of  the  primary  forces  of  attraction  and  repulsion,  to  which  all 
other  molecular  phenomena  can  be  referred. 
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which  the  energy  of  the  molecular  forces  depend.  It  is  conceiv- 
able that  such  differences  may  result  from  the  heat  evolved  in 
the  process  of  ci-ystallization.  Let  fig.  3,  d,  h,  c,  d,  e,  &c.,  be  a 
line  of  particles  crystalli-  p.     „ 

zing  in  regular  succession.  .  ,7'. 

VVnen  a  unites  with  0,  the     ^^^   ^-^    ^^    ^^     /^   ^^    ^^ 


heat  given  out  will  expand  ^^  '  'w' "^® "  w  '^ 
the  atmosphere  of  c;  and  it 
is  possible  that,  after  this  effect  has  been  produced,  the  expanded 
atmosphere  will  not  become  condensed,  under  the  operation  of 
the  crystallizing  forces,  as  much  as  it  otherwise  would  have 
been,  and  hence  that  the  molecular  attractive  force  of  c  will 
be  less  than  would  have  otherwise  resulted.  If  the  attraction 
between  b  and  c  should  thus  be  materially  lessened,  there 
would  be  in  consequence  less  heat  evolved  in  the  union  of 
the  two,  and  so  the  attractive  force  of  d  would  be  less  weak- 
ened than  that  of  c  has  been.  Accordingly,  in  the  union  of 
c  and  d  an  excess  of  heat  would  again  be  given  out.  In  this 
way  a  series  of  alternations  in  the  intensity  of  the  cohesive 
attraction  might  be  brought  about  along  the  line  of  crystallized 
molecules. 

It  will  be  observed  that  the  same  fundamental  idea  pervades 
all  the  explanations  that  have  now  been  given  of  changes  of 
molecular  aggregation,  whether  these  are  attended  with  a  change 
of  state^  or  only  with  a  change  of  density  and  form.  This  is 
the  idea  that  the  physical  and  mechanical  condition  of  a  mole- 
cule may  change  with  varying  circumstances,  and  that  it  may 
undergo  a  permanent  change,  although  the  temperature  should 
remain  the  same.  The  change  of  condition  consists  simply  iii 
the  expansion  or  contraction  of  the  electric  atmosphere  of  the 
molecule  (p.  383).  We  have  recognized,  also,  that  while  the 
processes  of  transformation  are  going  on,  the  normal  distribu- 
tion of  the  electric  sether,  that  forms  the  atmosphere  of  a  mole- 
cule, may  become  disturbed,  and  that  thus  a  transient  electric 
polarity  of  the  molecule  may  be  induced  which  may  play  an  im- 
portant part  in  the  process. 

Upon  the  theory  of  crystallization  here  offered,  the  pheno- 
menon of  dimorphism,  and  all  changes  of  form,  in  the  same  crys- 
tal, produced  by  heat  and  external  causes  generally,  are  but 
simple  results  of  the  modifications  superinduced  by  these  causes, 
in  the  form  or  distance  from  the  central  atoms  of  the  molecular 
atmospheres — that  is,  in  the  physical  features  of  the  molecules, 
upon  which  the  system  of  crystalhzation  in  every  instance  depends. 

[To  be  continued.] 
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XLVIII.  Notices  respecting  New  Books. 

The  Laboratory  Guide  for  Students  of  Agricultural  Chemistry.  Ar- 
ranged by  Arthur  Hekbkrt  Church,  M.A.,  Professor  of  Che- 
mistry in  the  Royal  Agricultural  College,  Cirencester.  Post  8vo.t 
London  :  Van  Voorst.    1864.    Pp.  viii  and  94. 

THIS  little  work  is  divided  into  two  Parts,  The  first,  intended 
as  an  outline  of  the  general  course  of  qualitative  analysis, 
begins  with  an  enumeration  and  brief  description  of  the  more  com- 
monly occurring  elements ;  then  follow  concise  directions  for  pre- 
paring and  purifying  the  reagents  required  in  the  subsequent  pro- 
cesses ;  and  next  about  twenty-three  pages  devoted  to  "  The  Method 
of  Analysis."  The  second  Part  consists  of  a  series  of  examples  for 
practice  in  quantitative  analysis,  selected  from  among  such  sub- 
stances as  are  most  likely  to  come  in  the  way  of  an  agricultural 
chemist. 

It  is  this  second  part  which  gives  to  the  book  its  distinctive  cha- 
racter and  its  chief  value.  The  examples  here  given  have  been  judi- 
ciously selected  so  as  to  embrace  a  considerable  variety  of  processes, 
while  the  working  directions  are  almost  ahvays  clear  and  sufficient 
for  the  object  in  view.  A  few  of  the  best  volumetric  methods  have 
been  included,  among  which  are  two  very  good  ones  that  we  do  not 
remember  to  have  frequently  met  with  in  works  of  this  class — namely, 
Mohr's  process  for  the  estimation  of  chlorine  by  nitrate  of  silver  and 
chromate  of  potash,  and  the  late  Dr.  Pugh's  method  of  estimating 
nitric  acid.  This  portion  of  the  work  api)ears  to  us  so  well  planned 
and  so  likely  to  be  useful,  that  we  should  be  glad  to  see  it  extended 
so  as  to  occu])y  the  whole  book  instead  of  the  last  fifty-three  pages 
merely.  On  the  other  hand,  we  do  not  think  that  the  consequent 
exclusion  of  the  part  devoted  to  qualitative  analysis  would  greatly 
diminish  the  value  of  the  work.  As  it  is.  Professor  Church  leaves 
so  much,  of  what  it  is  necessary  for  the  student  to  know  respecting 
this  branch  of  the  subject,  to  be  supplied  from  other  sources,  that 
he  might,  without  much  danger,  have  left  the  whole  of  what  is 
given  in  this  portion  of  his  book  to  be  supplied  in  the  same  way. 
Indeed,  were  this  a  suitable  occasion  for  discussing  the  question, 
very  much  might  be  said  against  that  system  of  laboratory  teaching 
in  which  a  "  Scheme  "  or  "  Method  "  of  qualitative  analysis,  such 
as  that  contained  in  the  first  part  of  this  work,  is  put  into  the  hands 
of  the  student  at  the  very  beginning  of  his  course.  We  believe  that 
the  very  opposite  system  to  this  would,  more  than  anything  else, 
tend  to  promote  the  rational  study  of  chemistry.  As  far  as  possible, 
we  would  have  students  encouraged  to  rely  upon  their  own  experi- 
ence and  observations  rather  than  upon  books  of  any  sort;  and 
most  of  all  we  would  endeavour  to  persuade  them  to  use  no  Analy- 
tical Schemes  or  Tables  until  they  can  construct  them  from  their  own 
knowledge,  or  are  independent  of  them  altogether.  Mr.  Church's 
work,  however,  not  being  addressed  to  students  of  scientific  che- 
mistry, so  much  as  to  those  whose  object  is  merely  to  become  ac- 
quainted with  one  of  its  most  important  practical  applications,  and 
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who  perhaps  in  most  cases  have  neither  time  nor  inclination  to 
devote  much  attention  to  the  study  of  chemistry  for  its  own  sake, 
it  would  be  unfair  to  charge  upon  it  as  a  fault  that  it  follows  the 
most  commonly  received  system  of  instruction  in  the  science,  even 
although  we  may  be  of  opinion  that  that  system  is  not  the  best 
possible. 

We  have  exceedingly  little  to  say  in  the  way  of  adverse  criticism 
on  the  details  of  this  work.  Here  and  there,  possibly,  are  signs  of 
somewhat  hasty  composition  or  correction:  to  this  cause,  for  instance, 
we  attribute  the  occurrence  of  such  an  expression  as  "  oil  of  vitriol 
plus  its  own  bulk  of  water  "  on  page  77,  an  expression  which  is  much 
less  pleasant  than  "  oil  of  vitriol  diluted  with  its  own  bulk  of  water," 
which  we  find  on  the  following  page.  Again,  on  page  17  we  arc 
told  that  solutions  of  silver  yield  "  a  buflf  precipitate  with  hydrate  of 
soda,"  where  for  hydrate  we  are  doubtless  intended  to  read  carbonate. 
The  method  of  preparing  absolute  alcohol,  recommended  on  page  13, 
might  likewise  be  improved ;  for  alcohol  can  be  more  completely  and 
easily  dehydrated  by  using  a  sufficient  quantity  of  good  quicklime 
than  by  either  carbonate  of  potash  or  sulphate  of  copper. 

In  conclusion,  we  have  again  to  express  our  conviction  that  Mr. 
Church  has  produced  a  book  well  qualified  to  be  of  use  to  those  to 
whom  it  is  addressed  ;  and  if  we  have  suggested  a  plan  by  which, 
without  increasing  tbe  size  of  the  book,  its  utility  might,  in  our 
opinion,  be  made  still  greater,  it  is  by  no  means  because  we  con- 
sider its  value  small  in  its  present  shape. 
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June  16,  1864. — Major-General  Sabine,  President,  in  the  Chair. 

'I'^HE  following  communication  was  read  : — 
J-      "  On  the  Reduction  and  Oxidation  of  the  Colouring  Matter 
of  the  Blood."     By  G.  G.  Stokes,  M.A.,  Sec.  R.S.,  &c. 

1 .  Some  time  ago  my  attention  was  called  to  a  paper  by  Pro- 
fessor Hoppe*,  in  which  he  has  pointed  out  the  remarkable  spec- 
trum produced  by  the  absorption  of  light  by  a  very  dilute  solution 
of  blood,  and  applied  the  observation  to  elucidate  the  chemical  nature 
of  the  colouring  matter.  I  had  no  sooner  looked  at  the  sjiectrura, 
than  the  extreme  sharpness  and  beauty  of  the  absorption-bands  of 
blood  excited  a  lively  interest  in  my  mind,  and  I  proceeded  to  try 
the  effect  of  various  reagents.  The  observation  is  perfectly  simple, 
since  nothing  more  is  required  than  to  place  the  solution  to  be  tried, 
which  may  be  contained  in  a  test-tube,  behind  a  slit,  and  view  it 
through  a  prism  applied  to  the  eye.  In  this  way  it  is  easy  to  verify 
Hoppe' s  statement,  that  the  colouring  matter  (as  may  be  presumed 
at  least  from  the  retention  of  its  peculiar  spectrum)  is  unaffected  by 

*  Virchow's  Archiv,  vol.  xxiii.  p.  446  (1862). 
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alkaline  carbonates  and  caustic  ammonia,  but  is  almost  immediately 
decomposed  by  acids,  and  also,  but  more  slowly,  by  caustic  fixed 
alkalies,  the  coloured  product  of  decomposition  being  the  haematine 
of  Lecanu,  which  is  easily  identified  by  its  peculiar  spectra.  But 
it  seemed  to  me  to  be  a  point  of  special  interest  to  inquire  whether 
we  could  imitate  the  change  of  colour  of  arterial  into  that  of  venous 
blood,  on  the  supposition  that  it  arises  from  reduction. 

2.  In  my  experiments  I  generally  employed  the  blood  of  sheep  or 
oxen  obtained  from  a  butcher  ;  but  lloppe  has  shown  that  the  blood 
of  animals  in  general  exhibits  just  the  same  bands.  To  obtain  the 
colouring  matter  in  true  solution,  and  at  the  same  time  to  get  rid  of 
a  part  of  the  associated  matters,  I  generally  allowed  the  blood  to 
coagulate,  cut  the  clot  small,  rinsed  it  well,  and  extracted  it  with 
water.  This,  however,  is  not  essential,  and  blood  merely  diluted 
with  a  large  quantity  of  water  may  be  used ;  but  in  what  follows  it 
is  to  be  understood  that  the  watery  extract  is  used  unless  the  contrary 
be  stated. 

3.  Since  the  colouring  matter  is  changed  by  acids,  we  must  employ 
reducing  agents  which  are  compatible  with  an  alkaline  solution.  If  to 
a  solution  of  protosulphate  of  iron  enough  tartaric  acid  be  added  to 
prevent  precipitation  by  alkalies,  and  a  small  quantity  of  the  solu- 
tion, previously  rendered  alkaline  by  either  ammonia  or  carbonate  of 
soda,  be  added  to  a  solution  of  blood,  the  colour  is  almost  instantly 
changed  to  a  much  more  purple  red  as  seen  in  small  thicknesses,  and 
a  much  darker  red  than  before  as  seen  in  greater  thickness.  The 
change  of  colour,  which  recalls  the  diflFerence  between  arterial  and 
venous  blood,  is  striking  enough,  but  the  change  in  the  absorption 
spectrum  is  far  more  decisive.  The  two  highly  characteristic  dark 
bands  seen  before  are  now  replaced  by  a  single  band,  somewhat 
broader  and  less  sharply  defined  at  its  edges  than  either  of  the 
former,  and  occupying  nearly  the  position  of  the  bright  band  sepa- 
rating the  dark  bands  of  tlie  original  solution.  The  fluid  is  more 
transparent  for  the  blue,  and  less  so  for  the  green  than  it  was  before. 
If  the  thickness  be  increased  till  the  whole  of  the  spectrum  more 
refrangible  than  the  red  be  on  the  point  of  disappearing,  the  last 
part  to  remain  is  green,  a  little  beyond  the  fixed  line  b,  in  the  case 
of  the  original  solution,  and  blue,  some  way  beyond  F,  in  the  case 
of  the  modified  fluid.  Figs.  1  and  2  in  the  accompanying  woodcut 
represent  the  bands  seen  in  these  two  solutions  respectively. 

4.  If  the  purple  solution  be  exposed  to  the  air  in  a  shallow  vessel, 
it  quickly  returns  to  its  original  condition,  showing  the  two  charac- 
teristic bands  the  same  as  before  ;  and  this  change  takes  place  imme- 
diately, provided  a  small  quantity  only  of  the  reducing  agent  were 
employed,  when  the  solution  is  shaken  up  with  air.  If  an  additional 
quantity  of  the  reagent  be  now  added,  the  same  effect  is  produced  as 
at  first,  and  the  solution  may  thus  be  made  to  go  through  its  changes 
any  number  of  times. 

5.  The  change  produced  by  the  action  of  the  air  (that  is,  of 
course,  by  the  absorption  of  oxygen)  may  be  seen  in  an  instructive 
form  on  partly  filUug  a  test-tube  with  a  solution  of  blood  suitably 
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diluted,  mixing  with  a  little  of  the  reducing  agent,  and  leaving  the 
tube  at  rest  for  some  time  in  a  vertical  position.    The  u{)per  or  oxidized 
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portion  of  the  solution  is  readily  distinguished  by  its  colour  ;  and  it 
the  tube  be  now  placed  behind  a  slit  and  viewed  through  a  prism, 
a  dark  band  is  seen,  having  the  general  form  of  a  tuning-fork,  like 
figs.  1  and  2,  regarded  now  as  a  single  figure,  the  line  of  separation 
being  supposed  removed. 

6.  Of  course  it  is  necessary  to  assure  oneself  that  the  single  band 
in  the  green  is  not  due  to  absorption  produced  merely  by  the  reagent, 
as  is  readily  done  by  direct  observation  of  its  spectrum,  not  to  men- 
tion that  in  the  region  of  the  previous  dark  bands,  or  at  least  the 
outer  portions  of  it,  the  solution  is  actually  more  transparent  than 
before,  which  could  not  be  occasioned  by  an  additional  absorption. 
Indeed  the  absorption  due  to  the  reagent  itself  in  its  different  stages 
of  oxidation,  unless  it  be  employed  in  most  unnecessary  excess,  may 
almost  be  regarded  as  evanescent  in  comparison  with  the  absorp- 
tion due  to  the  colouring  matter  ;  though  if  the  solution  be  repeatedly 
put  through  its  changes,  the  accumulation  of  the  persalt  of  iron  will 
presently  tell  on  the  colour,  making  it  sensibly  yellower  than  at  first 
for  small  thicknesses  of  the  solution. 

7.  That  the  change  which  the  iron  salt  produces  in  the  spectrum 
is  due  to  a  simple  reduction  of  the  colouring  matter,  and  not  to  the 
formation  of  some  compound  of  the  colouring  matter  with  the  re- 
agent, is  shown  by  the  fact  that  a  variety  of  reducing  agents  of  very 
different  nature  produce  just  the  same  effect.  If  protochlorideof  tin 
be  substituted  for  protosulphate  of  iron  in  the  experiment  above  de- 
scribed, the  same  changes  take  place  as  with  the  iron  salt.  The  tin 
solution  has  the  advantage  of  being  colourless,  and  leaving  the  visi- 
ble spectrum  quite  unaffected,  both  before  and  after  oxidation,  and 
accordingly  of  not  interfering  in  the  slightest  degree  with  the  optical 
examination  of  the  solutions,  but  permitting  them  to  be  seen  with 
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exactly  their  true  tints.  The  action  of  this  reagent,  however,  takes 
some  Httle  time  at  ordinary  temperatures,  though  it  is  very  rapid  if 
previously  the  solution  be  gently  warmed.  Hydrosulphate  of  am- 
monia again  produces  the  same  change,  though  a  small  fraction  of 
the  colouring  matter  is  liable  to  undergo  some  different  modification, 
as  is  shown  by  the  occurrence  of  a  slender  band  in  the  red,  variable 
in  its  amount  of  development,  which  did  not  previously  exist.  In  this 
case,  as  with  the  tin  salt,  the  action  is  somewhat  slow,  requiring  a  few 
minutes  unless  it  be  assisted  by  gentle  heat.  Other  reagents  might 
be  mentioned,  but  these  will  suffice. 

8.  We  may  infer  from  the  facts  above  mentioned  that  the  colour- 
ing matter  of  blood,  like  indigo,  is  capable  of  existing  in  two  states 
of  oxidation,  distinguishable  by  a  difference  of  colour  and  a  funda- 
mental difference  in  the  action  on  the  spectrum.  It  may  be  made  to 
pass  from  the  more  to  the  less  oxidized  state  by  the  action  of  suitable 
reducing  agents,  and  recovers  its  oxygen  by  absorption  from  the  air. 

As  the  term  hcematine  has  been  appropriated  to  a  product  of  decom- 
position, some  other  name  must  be  given  to  the  original  colouring 
matter.  As  it  has  not  been  named  by  Hoppe,  I  propose  to  call  it 
cruorhie,  as  suggested  to  me  by  Dr.  Sharpey  ;  and  in  its  two  states  of 
oxidation  it  may  conveniently  be  named  scarlet  cruorine  and  purple 
cruorine  respectively,  though  the  former  is  slightly  purplish  at  a  cer- 
tain small  thickness,  and  the  latter  is  of  a  very  red  purple  colour, 
becoming  red  at  a  moderate  increase  of  tiiickness. 

9.  When  the  watery  extract  from  blood-clots  is  left  aside  in  a 
corked  bottle,  or  even  in  a  tall  narrow  vessel  open  at  the  top,  it  pre- 
sently changes  in  colour  from  a  bright  to  a  dark  red,  decidedly  purple 
in  small  thicknesses.  This  change  is  perceived  even  before  the  solu- 
tion has  begun  to  stink  in  the  least  perceptible  degree.  The  tint 
agrees  with  that  of  the  purple  cruorine  obtained  immediately  by 
reducing  agents ;  and  if  a  little  of  the  solution  be  sucked  up  from 
the  bottom  into  a  quill-tube  drawn  to  a  capillary  point,  and  the  tube 
be  then  placed  behind  a  slit,  so  as  to  admit  of  analyzing  the  trans- 
mitted light  without  exposing  the  fluid  to  the  air,  the  spectrum  will 
be  found  to  agree  with  that  of  purple  cruorine.  On  shaking  the 
solution  with  air  it  immediately  becomes  bright  red,  and  now  pre- 
sents the  optical  characters  of  scarlet  cruorine.  It  thus  appears 
that  scarlet  cruorine  is  capable  of  being  reduced  by  certain  sub- 
stances, derived  from  the  blood,  present  in  the  solution,  which  must 
themselves  be  oxidized  at  its  expense. 

10.  When  the  alkaline  tartaric  solution  of  protoxide  of  tin  is 
added  in  moderate  quantity  to  a  solution  of  scarlet  cruorine,  the 
latter  is  presently  reduced.  If  the  solution  is  now  shaken  with  air, 
the  cruorine  is  almost  instantly  oxidized,  as  is  shown  by  the  colour 
of  the  solution  and  its  spectrum  by  transmitted  light.  On  standing 
for  a  little  time,  a  couple  of  minutes  or  so,  the  cruorine  is  again  reduced, 
and  the  solution  may  be  made  to  go  through  these  changes  a  great 
number  of  times,  though  not  of  course  indefinitely,  as  the  tin  must 
at  last  become  completely  oxidized.  It  thus  appears  that  purple 
cruorine  absorbs /ree  oxygen  with  much  greater  avidity  than  the  tin 
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solution,  notwithstanding  that  the  oxidized  cruorine  is  itself  reduced 
by  the  tin  salt.     I  shall  return  to  this  experiment  presently. 

1 1 .  "When  a  little  acid,  suppose  acetic  or  tartaric  acid,  which 
does  not  produce  a  precipitate,  is  added  to  a  solution  of  blood,  the 
colour  is  quickly  changed  from  red  to  brownish  red,  and  in  place  of 
the  original  bands  (fig.  1)  we  have  a  diflferent  system,  nearly  that  of 
fig.  3.  This  system  is  highly  characteristic;  but  in  order  to  bring 
it  out  a  larger  quantity  of  substance  is  requisite  than  in  the  case  of 
scarlet  cruorine.  The  figure  does  not  exactly  correspond  to  any  one 
thickness,  for  the  bands  in  the  blue  are  best  seen  while  the  band  in 
the  red  is  still  rather  narrow  and  ill-defined  at  its  edges,  while  the 
narrow  inconspicuous  band  in  the  yellow  hardly  comes  out  till  the 
whole  of  the  blue  and  violet,  and  a  good  part  of  the  green,  are  absorbed. 
The  difference  in  the  spectra  figs,  1  and  3  does  not  alone  prove  that 
the  colouring  matter  is  decomposed  by  the  acid  (though  the  fact 
that  the  change  is  not  instantaneous  favours  that  supposition),  for 
the  one  solution  is  alkaline,  though  it  may  be  only  slightly  so,  while 
the  other  is  acid,  and  the  difference  of  spectra  might  be  due  merely 
to  this  circumstance.  As  the  direct  addition  of  either  ammonia  or 
carbonate  of  soda  to  the  acid  liquid  causes  a  precipitate,  it  is  requi- 
site in  the  first  instance  to  separate  the  colouring  matter  from  the 
substance  so  precipitated. 

This  may  be  easily  effected  on  a  small  scale  by  adding  to  the 
watery  extract  from  blood-clots  about  an  equal  volume  of  ether,  and 
then  some  glacial  acetic  acid,  and  gently  mixing,  but  not  violently 
shaking  for  fear  of  forming  an  emulsion.  "When  enough  acetic 
acid  has  been  added,  the  acid  ether  rises  charged  with  nearly  the 
•whole  of  the  colouring  matter,  while  the  substance  which  caused  the 
precipitate  remains  in  the  acid  watery  layer  below*.  The  acid  ether 
solution  shows  in  perfection  the  characteristic  spectrum  fig.  3.  When 
most  of  the  acid  is  washed  out  the  substance  falls,  remaining  in  the 
ether  near  the  common  surface.  If  after  removing  the  wash-water 
a  solution,  even  a  weak  one,  of  ammonia  or  carbonate  of  soda  be 
added,  the  colouring  matter  readily  dissolves  in  the  alkali.  The 
spectrum  of  the  transmitted  light  is  quite  different  from  that  of  scarlet 
cruorine,  and  by  no  means  so  remarkable.  It  presents  a  single  band 
of  absorption,  very  obscurely  divided  into  two,  the  centre  of  which 
nearly  coincides  with  the  fixed  line  D,  so  that  the  band  is  decidedly 
less  refrangible  than  the  pair  of  bands  of  scarlet  cruorine.  The  rela- 
tive proportion  of  the  two  parts  of  the  band  is  liable  to  vary.  The 
presence  of  alcohol,  perhaps  even  of  dissolved  ether,  seems  to  favour 
the  first  part,  and  an  excess  of  caustic  alkali  the  second,  the  fluid 
at  the  same  time  becoming  more  decidedly  dichroitic.  The  blue 
end  of  the  spectrum  is  at  the  same  time  absorbed.  The  band  of 
absorption  is  by  no  means  so  definite  at  its  edges  as  those  of  scarlet 
cruorine,  and  a  far  larger  quantity  of  the  substance  is  required  to 
develope  it. 

*  If  I  may  judge  from  the  results  obtained  with  the  precipitate  given  by  acetic 
acid  and  a  neutral  salt,  a  promising  mode  of  separation  of  the  proximate  consti- 
tuents of  blood-crystals  would  be  to  dissolve  the  crystals  in  glacial  acetic  acid  and 
add  ether,  which  precipitates  a  white  albuminous  substance,  leaving  the  haematine 
in  solution. 

2  D  2 
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This  difference  of  spectra  shows  that  the  colouring  matter  (hsema- 
tine)  obtained  by  acids  is  a  product  of  the  decomposition,  or  meta- 
morphosis of  some  kind,  of  the  original  colouring  matter. 

When  haematine  is  dissolved  in  alcohol  containing  acid,  the  spec- 
trum nearly  agrees  with  that  represented  in  fig.  3. 

12.  Hfcmatine  is  capable  of  reduction  and  oxidation  likecruorine. 
If  it  be  dissolved  in  a  solution  of  ammonia  or  of  carbonate  of  soda, 
and  a  little  of  the  iron  salt  already  mentioned,  or  else  of  hydrosul- 
phate  of  annnonia,  be  added,  a  pair  of  very  intense  bands  of  absorp- 
tion is  immediately  developed  (fig.  4).  These  bands  are  situated  at 
about  the  same  distance  apart  as  those  of  scarlet  cruorine,  and  are 
no  less  sharp  and  distinctive.  They  are  a  little  more  refrangible,  a 
clear  though  narrow  interval  intervening  between  the  first  of  them 
and  tlie  line  1).  They  differ  much  from  the  bands  of  cruorine  in 
the  relative  strength  of  the  first  and  second  band.  "With  cruorine 
the  second  band  appears  almost  as  soon  as  the  first,  on  increasing  the 
strength  or  thickness  of  the  solution  from  zero  onwards,  and  when 
both  bands  are  well  developed,  the  second  band  is  decidedly  broader 
than  the  first.  With  reduced  hscmatine,  on  the  other  hand,  the  first 
band  is  already  black  and  intense  by  the  time  the  second  begins  to 
appear ;  then  both  bands  increase,  the  first  retaining  its  superiority 
until  tiie  two  arc  on  the  point  of  merging  into  one  by  the  absorption 
of  the  intervening  bright  band,  when  tiie  two  appear  about  equal. 

Like  cruorine,  reduced  hsematine  is  oxidized  by  shaking  up  its 
solutijn  with  air.  I  have  not  yet  obtained  hsematine  in  an  acid 
solution  in  more  than  one  form,  that  which  gives  the  spectrum  fig.  3, 
and  which  I  have  little  doubt  contains  haematinc  in  its  oxidized 
form  ;  for  when  it  is  withdrawn  from  acid  ether  by  an  alkali,  1  have 
not  seen  any  traces  of  reduced  hacniatine,  even  on  taking  some  precau- 
tions against  the  absorption  of  oxygen.  As  the  alkaline  solution  of 
ordinary  hEematine  passes,  with  increase  of  thickness,  through  yellow, 
green,  and  brown  to  red,  while  that  of  reduced  hsematine  is  red 
throughout,  the  two  kinds  may  be  conveniently  distinguished  as 
brown  hcematine  and  red  hcpmatine  respectively,  the  former  or  oxi- 
dized substance  being  the  hsematine  of  chemists. 

13.  Although  the  spectrum  of  scarlet  cruorine  is  not  affected  by  the 
addition  to  the  solution  of  either  ammonia  or  carbonate  of  soda,  yet  if 
after  such  addition  the  solution  be  either  heated  or  alcohol  be  added, 
although  there  is  no  precipitation  decomposition  takes  place.  Tiie 
coloured  product  of  decomposition  is  brown  hsematine,  as  may  be 
inferred  from  its  spectrum.  Since,  however,  the  spectrum  of  an  alka- 
line solution  of  brown  hsematine  is  only  moderately  distinctive,  and  is 
somewhat  variable  according  to  the  nature  of  the  solvent,  it  is  well  to 
add  hydrosulphate  of  ammonia,  which  immediately  developes  the 
remarkable  bands  of  red  hsematine.  This  is  the  easiest  way  to  obtain 
them  ;  but  the  less  refrangible  edge  of  the  first  band  as  obtained  in 
this  way  is  liable  to  be  not  quite  clean,  in  consequence  of  the  pre- 
sence of  a  small  quantity  of  cruorine  which  escaped  decomposition. 

Some  very  curious  reactions  are  produced  in  a  solution  of  cruorine 
by  gallic  acid  combined  with  other  reagents,  but  these  require  further 
study. 
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14.  Hoppe  proposed  to  employ  the  highly  characteristic  absorp- 
tion-bands of  scarlet  cruorine  in  forensic  inquiries.  Since,  however, 
cruorine  is  very  easily  decomposed,  as  by  hot  water,  alcohol,  weak 
acids,  &c.,  the  method  would  often  be  inapplicable.  But  as  in  such 
cases  the  coloured  product  of  decomposition  is  hsematiue,  which  is  a 
very  stable  substance,  the  absorption-bands  of  red  hsematine  in  alka- 
line solution,  which  in  sharpness,  distinctive  character  and  sensibi- 
lity rival  those  of  scarlet  cruorine  itself,  may  be  employed  instead 
of  the  latter.  The  absorption-bands  of  brown  hsematine  dissolved 
in  a  mixture  of  ether  and  acetic  acid,  or  in  acetic  acid  alone,  are 
hardly  less  characteristic,  but  are  not  quite  so  sensitive,  requiring  a 
somewhat  larger  quantity  of  the  substance. 

15.  I  have  purposely  abstained  from  physiological  speculations 
until  I  should  have  finished  the  chemico-optical  part  of  the  sub- 
ject ;  but  as  the  facts  which  have  been  adduced  seem  calculated  to 
throw  considerable  light  on  the  function  of  cruorine  in  the  animal 
economy,  I  may  perhaps  be  permitted  to  make  a  few  remarks  on 
this  subject. 

It  has  been  a  disputed  point  whether  the  oxygen  introduced  into 
the  blood  in  its  passage  through  the  lungs  is  simply  dissolved  or  is 
chemically  combined  with  some  constituent  of  the  blood.  The  latter 
and  more  natural  view  seems  for  a  time  to  have  given  place  to  the  for- 
mer in  consequence  of  the  experiments  of  Magnus.  13ut  Liebig  and 
others  have  since  adduced  arguments  to  show  that  the  oxygen 
absorbed  is,  mainly  at  least,  chemically  combined,  be  it  only  in  such 
a  loose  way,  like  a  portion  of  the  carbonic  acid  in  bicarbonate  of  soda, 
that  it  is  capable  of  being  expelled  by  indifferent  gases.  It  is  known, 
too,  that  it  is  the  red  corpuscles  in  which  the  faculty  of  absorbing 
oxygen  mainly  resides. 

Now  it  has  been  shown  in  this  paper  that  we  have  in  cruorine  a 
substance  capable  of  undergoing  reduction  and  oxidation,  more  espe- 
cially oxidation,  so  that  if  we  may  assume  the  presence  of  purple 
cruorine  in  venous  blood,  we  have  all  that  is  necessary  to  account 
for  the  absorption  and  chemical  combination  of  the  inspired  oxygen. 

16.  It  is  stated  by  Hoppe  that  venous  as  well  as  arterial  blood 
shows  the  two  bands  which  are  characteristic  of  what  has  been  called 
in  this  paper  scarlet  cruorine.  As  the  precautions  taken  to  prevent 
the  absorption  of  oxygen  are  not  mentioned,  it  seemed  desirable  to 
repeat  the  experiment,  which  Dr.  Harley  and  Dr.  Sharpey  have 
kindly  done.  A  pipette  adapted  to  a  syringe  was  filled  with  water 
which  had  been  boiled  and  cooled  without  exposure  to  the  air,  and 
the  point  having  been  introduced  into  the  jugular  vein  of  a  live  dog, 
a  little  blood  was  drawn  into  the  bulb.  Without  the  water  the 
blood  would  have  been  too  dark  for  spectral  analysis.  The  colour 
did  not  much  differ  from  that  of  scarlet  cruorine ;  certainly  it  was 
much  nearer  the  scarlet  than  the  purple  substance.  The  spectrum 
showed  the  bands  of  scarlet  cruorine. 

This,  however,  does  not  by  any  means  prove  the  absence  of  purple 
cruorine,  but  only  shows  that  the  colouring  matter  present  was 
chiefly  scarlet  cruorine.  Indeed  the  relative  proportions  of  the  two 
present  in  a  mixture  of  them  with  one  another  and  with  colourless 
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substances,  can  be  better  judged  of  by  the  tint  than  by  the  use  of 
the  prism.  With  the  prism  the  extreme  sharpness  of  the  bands  of 
scarlet  cruorine  is  apt  to  mislead,  and  to  induce  the  observer  greatly 
to  exaggerate  the  relative  proportion  of  that  substance. 

Seeing  then  that  the  change  of  colour  from  arterial  to  venous 
blood  as  far  as  it  goes  is  in  the  direction  of  the  change  from  scarlet 
to  purple  cruorine,  that  scarlet  cruorine  is  capable  of  reduction  even 
in  the  cold  by  substances  present  in  the  blood  (§  9),  and  that  the 
action  of  reducing  agents  upon  it  is  greatly  assisted  by  warmth 
(§  7),  we  have  every  reason  to  believe  that  a  portion  of  the  cruorine 
})resent  in  venous  blood  exists  in  the  state  of  purple  cruorine,  and 
is  reoxidized  in  passing  through  the  lungs. 

1  7.  That  it  is  only  a  rather  small  proportion  of  the  cruorine  pre- 
sent in  venous  blood  which  exists  in  the  state  of  purple  cruorine 
under  normal  conditions  of  life  and  health,  may  be  inferred,  not  only 
from  the  colour,  but  directly  from  the  results  of  the  most  recent 
experiments  *.  Were  it  otherwise,  smy  extensive  haemorrhage  could 
hardly  fail  to  be  fatal,  if,  as  there  is  reason  to  believe,  cruorine  be 
the  substance  on  which  the  function  of  respiration  mainly  depends  ; 
nor  could  chlorotic  persons  exhale  as  much  carbonic  acid  as  healthy 
subjects,  as  is  found  to  be  the  case. 

But  after  death  there  is  every  reason  to  think  that  the  process  of 
reduction  still  goes  on,  especially  in  the  case  of  warrn-blooded  animals, 
while  the  body  is  still  warm.  Hence  the  blood  found  in  the  veins  of 
an  animal  some  time  after  death  can  hardly  be  taken  as  a  fair  spe- 
cimen as  to  colour  of  the  venous  blood  in  the  living  animal.  More- 
over the  blood  of  an  animal  which  has  been  subjected  to  abnormal 
conditions  before  death  is  of  course  liable  to  be  altered  thereby.  The 
terms  in  which  Lehmann  has  described  the  colour  of  the  blood  of 
frogs  which  had  been  slowly  asphyxiated  by  being  made  to  breathe 
a  mixture  of  air  and  carbonic  acid  seem  unmistakeably  to  point  to 
purple  cruorine*. 

18.  The  effect  of  various  indiflPereut  reagents  in  changing  the 
colour  of  defibrinated  blood  has  been  much  studied,  but  not  always 
with  due  regard  to  optical  principles.  The  brightening  of  the  colour, 
as  seen  by  reflexion,  produced  by  the  first  action  of  neutral  salts,  and 
the  darkening  caused  by  the  addition  of  a  little  water,  are,  I  con- 
ceive, easily  explained  ;  but  I  have  not  seen  stated  what  I  feel  satis- 
fied is  the  true  explanation.  In  the  former  case  the  corpuscles  lose 
water  by  exosmose,  and  become  thereby  more  highly  refractive,  in 
consequence  of  which  a  more  copious  reflexion  takes  place  at  the 
common  surface  of  the  corpuscles  and  the  surrounding  fluid.  In  the 
latter  case  they  gain  water  by  endosmose,  which  makes  their  refrac- 
tive power  more  nearly  equal  to  that  of  the  fluid  in  which  they  are 
contained,  and  the  reflexion  is  consequently  diminished.  There  is 
nothing  in  these  cases  to  indicate  any  change  in  the  mode  in  which 
light  is  absorbed  by  the  colouring  matter,  although  a  change  of  tint 
to  a  certain  extent,  and  not  merely  a  change  of  intensity,  may  accom- 

*  Funk's  Lehrbuch  der  Physiologic,  1863,  vol.  i.  §  108. 
t  Physiological  Chemistry,  vol.  ii.  p.  1 78. 
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pany  the  change  of  conditions  under  which  the  turbid  mixture  is 
seen,  as  I  have  elsewhere  more  fully  explained*. 

No  doubt  the  form  of  the  corpuscles  is  changed  by  the  action 
of  the  reagents  introduced ;  but  to  attribute  the  change  of  colour  to 
this  is,  I  appreliend,  to  mistake  a  concomitant  for  a  cause,  and  to 
attribute,  moreover,  the  change  of  colour  to  a  cause  inadequate  to 
produce  it. 

19.  Very  different  is  the  effect  of  carbonic  acid.  In  this  case 
the  existence  of  a  fundamental  change  in  the  mode  of  absorption 
cannot  be  questioned,  especially  when  the  fluid  is  squeezed  thin 
between  two  glasses  and  viewed  by  transmitted  light.  I  took  two 
portions  of  defibrinated  blood ;  to  one  I  added  a  little  of  the  redu- 
cing iron  solution,  and  passed  carbonic  acid  into  the  other,  and  then 
compared  them.  They  were  as  nearly  as  possible  alike.  We  must 
not  attribute  these  apparently  identical  changes  to  two  totally  differ- 
ent causes  if  one  will  suffice.  Now  in  the  case  of  the  iron  salt,  the 
change  of  colour  is  plainly  due  to  a  deoxidation  of  the  cruorine.  On 
the  other  hand,  Magnus  removed  as  much  as  10  or  12  per  cent, 
by  volume  of  oxygen  from  arterialized  blood  by  shaking  the  blood 
with  carbonic  acid.  If,  as  we  have  reason  to  believe,  this  oxygen  was 
for  the  most  part  chemically  combined,  it  follows  that  carbonic  acid 
acts  as  if  it  ivere  a  reducing  agent.  We  are  led  to  regard  the  change 
of  colour  not  as  a  direct  effect  of  the  presence  of  carbonic  acid,  but 
a  consequence  of  the  removal  of  oxygen.  There  is  this  difference 
between  carbonic  acid  and  the  real  reducing  agents,  that  the  former 
no  longer  acts  on  a  dilute  and  comparatively  pure  solution  of  scarlet 
cruorine,  while  the  latter  act  just  as  before. 

If  even  in  the  case  of  blood  exposed  to  an  atmosphere  of  carbonic 
acid  we  are  not  to  attribute  the  change  of  colour  to  the  direct  pre- 
sence of  the  gas,  much  less  should  we  attempt  to  account  for  the 
darker  colour  of  venous  than  arterial  blood  by  the  small  additional 
percentage  of  carbonic  acid  which  the  former  contains.  The  ascer- 
tained properties  of  cruorine  furnish  us  with  a  ready  explanation, 
namely  that  it  is  due  to  a  partial  reduction  of  scarlet  cruorine  in 
supplying  the  wants  of  the  system. 

20.  I  am  indebted  to  Dr.  Akin  for  calling  my  attention  to  a  very 
interesting  pamphlet  by  A.  Schmidt  on  the  existence  of  ozone  in  the 
blood f.  The  author  uses  throughout  the  language  of  the  ozone 
theory.  If  by  ozone  be  meant  the  substance,  be  it  allotropic  oxygen 
or  teroxide  of  hydrogen,  which  is  formed  by  electric  discharges  in 
air,  there  is  absolutely  nothing  to  prove  its  existence  in  blood;  for 
all  attempts  to  obtain  an  oxidizing  gas  from  blood  failed.  But  if  by 
ozone  be  merely  meant  oxygen  in  any  such  state,  of  combination  or 
otherwise,  as  to  be  capable  of  producing  certain  oxidizing  effects, 
such  as  turning  guaiacum  blue,  the  experiments  of  Schmidt  have 
completely  established  its  existence,  and  have  connected  it,  too,  with 
the  colouring  matter.  Now  in  cruorine  we  have  a  substance  admit- 
ting of  easy  oxidation  and  reduction ;  and  connecting  this  with 
Schmidt's  results,  we  may  infer  that  scarlet  cruorine  is  not  merely  a 

*  Philosophical  Transactions,  1852,  p.  527. 
f  Ueber  Ozon  im  Blute.     Dorpat,  1862. 
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greedy  absorber  and  a  carrier  of  oxygen,  but  also  an  oxidizing  agent, 
and  that  it  is  by  its  means  that  the  substances  which  enter  the 
blood  from  the  food,  setting  aside  those  which  are  either  assimilated 
or  excreted  by  the  kidneys,  are  reduced  to  the  ultimate  forms  of 
carbonic  acid  and  water,  as  if  they  had  been  burnt  in  oxygen, 

21.  In  illustration  of  the  functions  of  cruorine,  I  would  refer,  in 
conclusion,  to  the  experiment  mentioned  in  §  10.  As  the  purple 
cruorine  in  the  solution  was  oxidized  almost  instantaneously  on  being 
presented  with  free  oxygen  by  shaking  with  air,  while  the  tin-salt 
remained  in  an  unoxidized  state,  so  the  purple  cruorine  of  the  veins 
is  oxidized  during  the  time,  brief  though  it  may  be,  during  which  it 
is  exposed  to  air  in  the  lungs,  while  the  substances  derived  from 
the  food  may  have  little  disposition  to  combine  with  free  oxygen.  As 
the  scarlet  cruorine  is  gradually  reduced,  oxidizing  thereby  a  portion 
of  the  tin-salt,  so  part  of  the  scarlet  cruorine  is  gradually  reduced  in 
the  course  of  the  circulation,  oxidizing  a  portion  of  the  substances 
derived  from  the  food  or  of  the  tissues.  The  purplish  colour  now 
assumed  by  the  solution  illustrates  the  tinge  of  venous  blood,  and  a 
fresh  shake  represents  a  fresh  passage  through  the  lungs. 

L.  Intelligence  and  Miscellaneoics  Articles. 

INFLtJENCE  OF  HEAT-FORCE  ON  VEGETABLE  LIFE. 
BY  GEORGE  BENTHAM,  PRESIDENT  OF  THE  LINN^AN  SOCIETY*. 

T  CANNOT  conclude  my  remarks  upon  the  recent  progress  of 
-*-  biological  science  without  alluding  to  the  modern  discovery  of 
the  dynamical  theory  of  heat,  or  equivalence  of  heat  and  force — a 
Avonderful  theory,  which  the  lectiu'es  of  Tyndall  have  rendered  prac- 
tically clear  even  to  the  unscientific  mind,  but  which,  nevertheless, 
it  is  difficult  to  follow  in  all  its  details  without  feeling  a  certain 
bewilderment  of  the  brain.  I  may  refer  to  Dr.  Carpenter's  article 
"  On  the  Application  of  the  Principle  of  Conservative  Force  to 
Physiology,"  in  the  '  Quarterly  Journal  of  Science '  for  January 
and  April  of  the  present  year,  for  a  general  review  of  the  influence 
of  this  force  on  vegetable  and  animal  life,  and,  for  a  more  popular 
summary,  to  the  graphic  sketch  of  the  relation  of  the  sun  to  life, 
contained  in  the  closing  portion  of  Prof.  Tyndall's  twelfth  lec- 
ture. But  in  this  summary  occur  the  following  passages,  which, 
however  correct  in  regard  to  the  great  principle  they  are  intended 
to  illustrate,  might  yet,  I  think,  without  explanation,  lead  the 
ordinary  reader  into  considerable  error  with  regard  to  some  great 
biological  facts,  and  upon  which  therefore,  on  account  of  the  high 
standing  of  the  distinguished  author,  and  the  general  circulation 
which  the  work  must  command,  I  think  it  necessary  to  offer  a  few 
observations. 

"  The  earth's  atmosphere  contains  carbonic  acid,  and  the  earth's 

surface  bears  living  plants ;  the  former  is  the  nutriment  of  the 

latter.     The  plant  apparently   seizes  the   combined   carbon  and 

oxygen,  tears  them  asunder,  storing  up  the  carbon,  and  letting  the 

*  From  the  Anniversary  Address,  delivered  May  24,  1864. 
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oxygen  go  free.  By  no  special  force,  diiferent  in  quality  from 
other  forces,  do  plants  exercise  this  power :  the  real  magician  is 
here  the  sun."  (p.  430.) 

"  But  we  cannot  stop  at  vegetable  life ;  for  this  is  the  source, 
mediate  or  immediate,  of  all  animal  life.  In  the  animal  body,  vege- 
table substances  are  brought  again  into  contact  with  their  beloved 
oxygen,  and  they  burn  within  us,  as  a  fire  burns  in  a  grate.  This 
is  the  source  of  all  animal  power,  and  the  forces  in  play  are  the 
same  in  kind  as  those  which  operate  in  inorganic  nature.  In  the 
plant  the  clock  is  wound  up,  in  the  animal  it  runs  down.  In  the 
plant  the  atoms  are  separated,  in  the  animal  they  recombine." 
(p.  431.) 

The  sun  "  rears,  as  I  have  said,  the  whole  vegetable  world,  and 
through  it  the  animal.  The  lilies  of  the  field  are  his  workmanship, 
the  verdure  of  the  meadows,  and  the  cattle  upon  a  thousand  hills. 
He  forms  the  muscle ;  he  urges  the  blood  ;  he  builds  the  brain. 
His  fleetness  is  in  the  lion's  foot;  he  springs  in  the  panther;  he 
soars  in  the  eagle ;  he  glides  in  the  snake.  He  builds  the  forest, 
and  hews  it  down, — the  power  which  raised  the  tree,  and  which 
wields  the  axe,  being  one  and  the  same.  The  clover  sprouts  and 
blossoms,  and  the  scythe  of  the  mower  swings,  by  the  operation 
of  the  same  force."  (p.  432.) 

Notwithstanding  the  assertion  to  the  contrary,  it  must  be  ad- 
mitted that  there  is  here  a  little  of  poetry  mixed  vdth  rigid 
mechanical  truth  ;  and  we,  as  special  investigators  of  the  complex 
phenomena  of  animal  and  vegetable  life  and  living  beings,  ought 
not  to  allow  this  quiet  and  summary  dismissal  of  what  is  ordinarily, 
though  perhaps  erroneously,  called  "  vital  force  "  without  remark. 
Life  may  not  be  a  force  in  the  sense  which  natural  philosophers 
give  to  the  term,  but  it  is  a  power  which  so  materially  modifies 
the  action  of  heat-force,  that  it  comes  within  the  general  and  more 
popular  meaning  of  the  word.  Life  cannot  indeed  be  set  in  action 
without  the  operation  of  heat-force ;  but,  on  the  other  hand,  the 
sun  cannot  build  a  tree  without  the  assistance  of  life.  "What  life 
really  is  we  do  not  know  :  its  origin  is  probably  beyond  our  inves- 
tigation ;  but  its  existence  and  continuity  cannot  be  denied.  Not- 
withstanding the  objections  of  heterogenists,  to  which  I  had 
occasion  last  year  to  aUude,  I  cannot  but  remind  you  that  in  the 
present  state  of  science  we  have  as  yet  no  prospect  of  proofs  that 
any  new  life  is  created,  that  any  new  liviug  being  is  built,  by  the 
sun  or  any  other  force,  out  of  matter  organic  or  inorganic.  Life 
is  continuous,  and  has  been  so  from  a  period  beyond  human  cog- 
nizance. We  witness  its  cessation,  but  it  has  never  been  known 
to  commence.  Every  new  being  grows  out  of,  and  is  a  portion 
detached  from,  a  preexisting  one.  We  cannot  even  fix  precisely 
the  moment  when  its  independent  life  commences.  It  is  not  when 
the  detached  bud  first  shoots  out  its  own  roots,  not  when  the  seed 
bursts,  or  the  egg-shell  is  broken,  or  the  young  animal  is  born  ;  for 
the  bud,  the  embryo,  or  fcetus  had  a  previous  existence,  more  or 
less  independent  of,  or  connected  with,  the  parent,  according  to 
species.     It  is  not  at  the  moment  of  fertilization  or  impregnation  • 
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for  the  bud,  and  even  the  ovum  in  cases  of  parthenogenesis,  may 
grow  into  independent  beings  without  ever  being  impregnated. 
Nor  can  our  most  powerful  instruments  perceive  the  moment  when 
the  first  embryo-cell  receives  that  impress  which  has  irrevocably 
determined  the  form  which  the  perfect  being  is  to  assume,  within 
those  narrow  limits  which  neither  impregnation  nor  any  other  in- 
fluences set  in  action  by  the  sun  can  ever  make  it  exceed.  And 
if  life  is  once  stopped,  if  interrupted,  be  it  for  a  moment,  no  force 
can  set  it  in  action  again.  It  may  lie  dormant  for  a  long  (but  not 
perhaps  indefinite)  succession  of  years;  its  action  may  be  absolutely 
imperceptible  or  limited  to  the  resistance  of  disorganization,  until 
recalled  into  more  active  operation  by  the  action  of  the  sun  on 
surrovuiding  influences  ;  but  if  during  the  dormant  period  (of  the 
seed,  egg,  &c.)  life  has  once  ceased,  nothing  will  restore  it :  the 
action  of  the  same  sun  upon  the  same  surrounding  influences  will 
produce  decomposition,  not  growth.  The  word  "  force  "  may  indeed 
be  properly  limited  to  mechanical  force,  and  it  may  be  incorrect 
to  say  that  life  is  a  force  different  in  quality  from  other  forces ; 
but,  as  we  must  have  some  term  equivalent  to  the  popular  sense, 
we  may  call  life  di  power  different  in  quality  from  force.  Dr.  Car- 
penter (p.  80)  proposes  to  term  it  a, germinal  capacity ;  but  it  is  surely 
much  more  than  a  capacity,  to  be  paraphrased  as  the  "  power  of 
utilizing,  after  its  own  particular  fashion,  the  heat  which  it  re- 
ceives, and  of  applying  it  as  a  constructive  power  to  the  building 
up  of  its  fabric  after  its  characteristic  type"  (p.  87).  There  is 
here  this  difference  between  the  term  and  its  paraphrase,  that  the 
one  expresses  a  passive,  the  other  an  active  idea. 

"  Vegetable  substances,  brought  into  contact  with  their  beloved 
oxygen  in  the  animal  body,  will  burn  within  it  as  a  tire  burns  in 
the  grate."  True ;  but  that  burning  will  be  fermentation  and 
corruption,  unless  brought  under  the  influence  of  the  living  parts 
of  the  body  to  be  converted  into  growth.  I  say  groivth,  not  build- 
ing ;  for  building  the  brain  and  the  forest  is  a  metaphor  which 
must  lead  the  unscientific  mind  far  astray  from  all  that  science 
has  as  yet  taught  us.  Nothing  in  life  is  built,  in  the  ordinary 
"sense"  of  the  term;  no  portion,  no  single  cell,  has  been  exter- 
nally added  to  a  living  being  ;  everything  has  grown  out  of  it, 
every  new  cell  is  gradually  compounded  within  a  living  cell. 

"  The  plant  apparently  seizes  the  combined  carbon  and  oxygen, 
tears  them  asunder,  storing  up  the  carbon,  and  letting  the  oxygen 
free."  True  ;  but  it  does  much  more.  Every  living  being,  animal 
or  vegetable,  absorbs  compound  substances,  decomposes  them, 
liberates  at  once  a  portion  (chiefly  oxygen  in  the  case  of  most 
plants),  and  stores  up  a  portion.  Of  this  portion  some  may  be 
deposited  unchanged  in  visible  particles  in  various  parts  of  the 
animal  or  plant,  but  some  also  undergoes  a  further  decomposition 
and  dilution  into  a  state  hitherto  concealed  from  our  observation, 
from  which  it  emerges  recombined,  having  already  received  a  pe- 
culiar impress,  definitely  diff"ering  in  every  species,  or  even  in  every 
individual^ — differences  then  inappreciable,  it  is  true,  to  our  senses, 
but  evidenced  by  the  forms  the  animal  or  plant  is  compelled  to 
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assume  as  it  grows.  Aud  the  process  is  substantially  the  same  iu 
animals  and  plants ;  both  absorb,  decompose,  select,  reject,  and 
recombine.  An  animal  may  select  what  a  tree  rejects  ;  but  so  also 
may  one  plant  select  what  another  rejects.  None  feed  upon  carbon 
or  oxygen  alone.  Some  are  not  satisfied  without  drawing  their 
nutriment  direct  from  the  living  plant  or  animal ;  many  feed  upon 
organic  substances,  in  which  the  decomposition  after  death  has 
scarcely  commenced ;  aud  most,  if  not  all,  appear  to  require  for  their 
support  some  small  portion,  at  least,  of  matter  in  which  life  is  or 
has  been.  In  both  animals  and  vegetables  the  clock  is  wound  up, 
and  it  runs  down ;  in  both,  the  atoms  are  separated  and  recombined, 
and,  in  both,  these  operations  take  place  in  a  totally  different  way 
from  what  they  do  in  the  same  bodies  under  the  same  influences, 
the  moment  life  is  extinct,  the  moment  the  vital  power  ceases  to 
act.  It  is  this  vital  power,  its  continuity  and  infinite  divisibility, 
its  unity  and  infinite  diversity,  the  concordances,  discrepancies, 
and  reciprocal  action  and  influences  of  the  infinity  of  forms  it 
produces,  that  our  Society  is  specially  caUed  upon  to  investigate. 
As  systematists,  we  have  so  to  discriminate,  describe,  and  class 
these  forms  as  to  enable  us  readily  to  identify  them,  both  in- 
dividually and  collectively,  to  comprehend  one  another  and  our- 
selves in  treating  of  them,  and  to  retain  and  store  in  our  minds 
and  books  what  is  known  of  their  resemblances,  difierences, 
and  peculiarities,  of  their  influences  and  relations  to  each  other 
and  to  the  lifeless  world,  as  a  starting-point  for  future  obser- 
vation. As  biologists,  we  have  to  study  life  itself  in  all  its 
phases,  and  the  multifarious  influences  by  which  it  is  continued, 
preserved,  multiplied,  checked,  injured,  destroyed,  or  extinguished. 
But,  in  addition,  we  must  not  neglect  to  learn  from  natural  phi- 
losophers what  are  those  general  forces  which  act  on  organic  as 
well  as  on  inorganic  bodies,  and  whilst  carefully  watching  every 
modification  these  forces  undergo,  when  applied  in  combination 
with  vital  power,  gratefully  accept  any  proved  identity  of  action 
in  the  living  and  inanimate  world. 


ANALYSIS  OF  LANGITE,  A  NEW  MINERAL  FROM  CORNWALL. 
BY  M.  PISANI. 

Professor  Maskelyne  presented  a  short  time  ago  to  the  Geolo- 
gical Society  of  London  some  specimens  of  a  new  mineral  found  in 
Cornwall,  to  which  he  has  given  the  name  Langite.  It  is  a  greenish- 
blue  hydrated  subsulphate  of  copper,  forming  crystalline  crusts  and 
small  right  rhomboidal  prisms  on  a  coarse  argillaceous  schist  called 
killas  in  Cornwall. 

The  crystals  of  Langite  are  small  and  short ;  by  their  imion  they 
form  macles  analogous  to  those  of  Arragonite.  Translucid  ;  lustre 
vitreous.  Its  colour  is  a  beautiful  greenish  blue,  and  that  of  its  powder 
a  pale  blue.  Hardness,  3*5  ;  specific  gravity  about  3'05.  Heated 
in  a  test-tube  it  gives  water.  Before  the  blowpipe,  on  charcoal,  it 
gives  with  soda  a  bead  of  copper.  It  is  insoluble  in  water,  but 
soluble  in  weak  acids  and  ammonia.     Its  hydrochloric  acid  solution, 
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when  diluted,  gives  an  abundant  precipitate  with  chloride  of  barium. 
It  differs  from  brochantite  in  containing  more  water ;  therefore,  as 
its  external  aspect  is  also  quite  different,  it  deserves  to  form  a 
separate  species.  It  is  to  be  noticed  that  Berthier  formerly  analyzed 
an  amorphous  brochantite  from  Mexico,  in  which  he  had  found  as 
much  water  as  in  Langite,  while  its  colour  was  green  like  that  of 
other  brochantites. 

Langite  gave  on  analysis — 

Oxygen.  Ratios. 

Sulphuric  acid 16-77  lO'O  3 

Oxide  of  copper    .     ..      6592  IS'SI 

Lime 0-83  02  V 13-6        4 

Magnesia 029  0-1 J 

Water 16-19  14-4  4 

100-00 
which  corresponds  to  the  formula 

4CuO,  S0H4H0. 
This  formula  requires — 

Sulphuric  acid 17'06 

Oxide  of  copper     67-59 

Water    15-35 

100-00 

It  thus  only  differs  from  brochantite  by  containing  one  more  equiva- 
lent of  water. — Comptes  Rendus,  October  10,  1864. 


ON  THE  HISTORY  OF  ENERGETICS. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

University  of  Glasgow, 

Gentjlemen,  October  6,  1864. 

So  far  as  I  know,  the  earliest  introduction  of  a  distinct  term  to 

denote  the  mechanical  form  of  what  is  now  called  "  potential  energy  " 

is  due  to  Carnot,  who,  in  a  scarce  and  little-known  essay  on  Machines 

in  general,  uses  the  phrase  "force  vive  virtuelle"  in  that  sense. 

The  step  which  I  took  in  1853,  of  applying  the  distinction  between 
"Actual  Energy"  and  "Potential  Energy,"  not  to  motion  and  me- 
chanical power  alone,  but  to  all  kinds  of  physical  phenomena,  was 
suggested  to  me,  I  think,  by  Aristotle's  use  of  the  words  Bvyafus  and 
et'epyeia. 

I  am,  Gentlemen, 

Your  most  obedient  Servant, 

W.  J.  Macquorn  Rankine. 


Erratvm  in  October  Number. 
In  Prof.  Rankine's  paper  on  Stream-lines,  Equation  II., 

r  db         ,        db 

for —  read  —  -— . 

dy  dx 
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ON  THE  TEMPERATURE  OF  SEA-WATER. 
BY  M.  CHARLES  MARTINS^. 

I  have  read  with  great  interest  M.  Edlund's  Note  on  the  Forma- 
tion of  Ice  in  the  Sea,  published  in  the  Archives  des  Sciences  Nahi- 
relles  of  July  20.  His  observations  render  it  difficult  not  to  admit 
that  ground-ice  may  be  formed  in  salt  water  as  well  as  in  fresh. 
The  fact  that,  in  nature,  the  temperature  of  sea-water  descends 
below  zero  without  ice  being  formed  can  no  longer  be  contested. 
In  the  two  voyages  made  in  1838  and  1839  by  the  corvette  '  La 
Recherche '  to  Spitzbergen,  I  determined  the  temperatures  at  the 
bottom  of  the  sea  in  the  neighbourhood  of  the  glaciers,  which,  in 
that  region,  often  descend  to  the  sea,  and  even  advance,  overhang- 
ing the  surface  of  the  water,  to  some  distance  from  the  coast.  In 
these  experiments,  published  fifteen  years  ago  in  the  Voyaycs  de  la 
corvette  'la  Recherche,'  vol.  ii.  p.  279,  and  in  the  Annales  de  Chiinie 
et  de  Physique,  Z^  ser.  vol.  xxv.  p.  172,  I  used,  for  temperatures 
above  zero,  Walferdin's  overflow-thermometers  with  arbitrary  scales. 
For  temperatures  below  zero,  I  employed  thermometrographs  with 
indexes  unprotected  from  pressure ;  but  I  took  care  to  correct  their 
indications  by  means  of  coefficients  obtained  from  comparative  ex- 
periments made  with  overtiow-instruments,  protected  from  pressure 
by  tubes  of  crystal :  besides  this,  I  always  took  the  precaution  (in- 
dispensable in  experiments  of  this  kind)  to  employ  several  thermo- 
metrographs at  the  same  time,  in  order  that  their  indications  might 
rectify  each  other. 

Most  of  the  experiments  were  made  in  August  1839,  opposite  the 
great  glacier  at  the  bottom  of  Magdalena  Bay,  on  the  east  coast  of 
Spitzbergen,  in  latitude  79"^  34',  and  longitude  8°  49'  east  of  Paris. 
The  temperature  of  the  surface  was  always  a  little  above  zero ;  it 
varied,  in  fact,  from  0°-l  to  l°-2.  Nevertheless  twice  a  day,  at  low 
water,  enormous  masses  of  ice  fell  down  into  and  cooled  the  sea. 
The  temperature  of  the  air  at  the  surface  of  the  sea  varied  from  0"-7 
to  6°'0.  From  the  surface  of  the  water  down  to  a  depth  of  70  metres 
I  never  found  the  temperature  to  be  below  zero ;  but  beyond  this 
depth,  and  down  to  the  bottom  of  the  sea,  the  temperature  was 
always  below  zero,  its  mean  value  being  about  — 1^*75.  The  lowest 
temperature  was  found  at  a  depth  of  110  metres,  and  at  a  distance 
of  1350  metres  from  the  glacier  at  the  bottom  ;  it  was  — 1°-91.  The 
most  elevated  of  these  low  temperatures  was  found  at  the  less  con- 
siderable depth  of  73  metres,  and  amounted  to  — 1°-29.  It  would 
be  wrong,  however,  to  conclude  that  the  temperature  sinks  regularly 
as  the  depth  increases,  for  at  136  metres  I  only  found  it  depressed 
to  — 1°-78. 

In  the  open  sea  I  never  observed  a  temperature  lower  than  zero 
at  any  depth  whatever.  For  instance,  on  the  20th  of  July  1S39,  in 
73"  36'  north  latitude,  and  longitude  18°  32' east  of  Paris,  I  lowered, 
to  a  depth  of  870  metres,  four  of  Walferdin's  thermometers  protected 
from  pressure  by  tubes  of  crystal  soldered  by  the  blowpipe.  Their 
indications  agreed  wonderfully  well  with  each  other,  and  showed  a 

*  From  a  letter  to  M.  E.  Plantaraour,  published  in  the  Bihliotheque 
Utiirerselle,  Archives  des  Sciences  Phys.  et  Nat.  vol.  xxi.  p.  iij  (1864). 
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mean  temperature  of  0°*10  at  the  bottom  of  the  sea.     At  less  depths 
I  always  observed  higher  temperatures. 

I  place  very  little  reliance  on  the  two  experiments  of  Professor 
Nordenskiold.  They  were  made  in  winter,  on  the  coasts  of  the 
Island  of  Aland — at  a  depth  of  21  feet,  and  at  a  distance  of  100  feet 
from  the  coast — with  a  single  alcohol  thermometer  provided  with  a 
mercury  index.  Neither  the  author  nor  M.  Edlund  describes  the  in- 
strument; they  do  not  state  whether  it  was  protected  from,  or  ex- 
posed to  pressure  ;  and  no  proof  is  given  that  the  unique  indication 
derived  from  the  bottom  of  the  sea  was  exact.  I  may  venture  to 
advise  readers  desirous  of  becoming  acquainted  with  the  minute 
precautions  which,  in  experiments  of  this  kind,  are  necessary  in  order 
to  gain  for  the  results  the  confidence  of  physicists,  to  refer  to  the 
memoir  I  published  in  1848  and  1849  in  the  Voyages de  'la  Recherche,' 
and  in  the  A?inales  de  Chimie  et  de  Physique.  To  avoid  the  incessant 
recommencement  of  the  study  of  a  question,  it  is  necessary  to  con- 
sult the  works  of  those  by  whom  we  have  been  preceded.  I  have 
carefully  analyzed  those  of  Scoresby  and  of  Parry,  who,  in  1811 
and  1827,  had  already  observed,  on  many  occasions,  temperatures  of 
the  sea  below  zero,  both  at  the  surface  and  at  depths  varying  from 
90  to  1314  metres.  M.  Edlund  will  find  the  tabular  statement  of 
them  in  my  memoir.  Doubtless  the  procedure  and  the  instruments 
of  the  English  navigators  are  not  beyond  the  reach  of  criticism  ;  but 
the  fact  of  the  depression,  below  zero,  of  the  temperature  of  sea- 
water  was  established  by  them  at  the  above  period,  and  haa  since 
been  verified  by  other  travellers. 


ON  THE  ANCIENT  AQUEDUCT  OF  ALATRI.       BY  FATHER  SECCHl*. 

The  town  of  Alatri,  of  Pelasgic  origin,  famous  for  its  encircling 
walls  of  Cyclopean  construction,  is  very  ancient.  Placed  on  the 
summit  of  a  calcareous  mountain,  it  was  altogether  deprived  of 
water,  and  was  separated  from  the  nearest  mountains  by  a  valley, 
about  125  metres  in  depth.  According  to  a  celebrated  inscription, 
the  Censor  L.  Betilienus  Varus  conducted  water  to  the  town  by 
means  of  an  aqueduct  340  feet  high,  and  for  this  purpose  he  caused 
arcades  and  strong  pipes  to  be  constructed  :  "  fornices ,  fistulas  solidas 
fecit."  The  recent  researches,  made  by  the  order  of  His  Holiness 
Pius  IX.,  in  order  again  to  provide  this  important  town  with  pota- 
ble water,  have  led  to  the  discovery  of  a  large  portion  of  the  ancient 
aqueduct.  The  levels  which  I  have  made  show  that  the  lowest 
point  of  the  aqueduct  was  110  metres  below  the  highest  part  of  the 
town  ;  this  accords  with  the  340  feet  mentioned  in  the  inscription. 
We  have  here,  therefore,  a  water-conduit  in  the  form  of  an  inverted 
siphon,  under  a  pressure  of  11  atmospheres,  constructed  160  years 
before  our  present  era.  It  is  difficult  to  say  what  quantity  of  water 
was  conducted ;  but  the  dimensions  of  the  aqueduct  (the  buttresses 
of  which  measure  VI 5  by  1-45  metre)  show  that  it  must  have  been 
sufficient  to  supply  the  baths  of  the  town,  several  public  fountains, 
and  the  whole  of  the  town  itself,  now  found  to  be  traversed  with 
pipes  of  lead  and  terra  cotta.    Near  the  Acropolis,  pipes  of  bronze 

*  From  a  letter  to  M.  Elie  de  Beaumont,  pubUshed  in  the  Comptes 
Rendus  of  September  26,  1864. 
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have  also  been  discovered,  so  that  the/s^w/as  ^o/frfas  of  the  inscription 
may  possibly  refer  to  pipes  of  this  metal. 

It  is  remarkable  that  the  pipes  of  terra  cotta  which  have  been 
found  agree  precisely  with  the  description  given  by  Vitruvius  (Archi- 
tura,  lib.  viii.  cap.  vii.  no.  51).  The  aqueduct  itself  is  constructed 
according  to  the  i)rinciples  handed  down  to  us  by  this  author  ;  for  it 
is  carried  along  a  horizontal  line,  at  the  level  of  the  acropolis,  to  a 
distance  of  about  7  kilometres ;  thence  it  descends,  skirting  the 
mountain,  until,  after  reaching  its  lowest  point,  it  proceeds  once 
more  horizontally  for  about  500  or  600  metres,  and  finally  reascends 
(see  Vitruvius,  ibid.  no.  50).  Thus  the  total  length  of  the  siphon 
amounts  to  5  or  6  kilometres.  All  attempts  to  find  the  specus  of  the 
aqueduct  have  been  unsuccessful ;  for  the  demolition  of  these  works 
— caused  in  the  first  place  by  the  barbarians,  and  afterwards  by 
peasants — has  been  enormous ;  the  foundations  alone  have  escaped 
destruction.  The  metals  discovered,  however,  appear  in  many 
cases  to  indicate  that  the  conduit  was  of  a  mixed  kind;  it  is  possible 
that  it  was  formed  of  different  kinds  of  substances,  corresponding 
to  the  diflferent  heights  to  which  the  water  was  raised ;  for  a  large 
portion  of  the  water  was  arrested  at  half  the  above  height.  Con- 
structions in  mortar,  of  great  beauty  and  solidity,  have  been  found, 
and  it  appears  probable  that  the  Romans  were  in  the  habit  of 
strengthening  their  pipes,  externally,  by  imbedding  them  in  this  mor- 
tar (in  Italian,  calce-struzzo). 

A  field  was  also  discovered  under  which  still  exists  a  magnificent 
and  complete  system  of  drainage,  by  means  of  long  lines  of  terra- 
cotta pipes.  These  pipes  have  a  mean  diameterof  0"45of  ametre,  their 
length  being  TiO  metre,  and  their  thickness  0'025  of  a  metre.  At 
present  they  are  filled  with  a  water-sediment  and  with  clay  ;  their 
depth  under  the  present  soil  is  2*50  metres,  but  it  is  evident  that, 
originally,  this  depth  was  less  and  has  since  been  increased  by  new 
soil.  The  ends  of  the  pipes  overlap  each  other  about  4  centi- 
meti'es  only.  No  cement  was  used  at  their  junctions  ;  but  spaces  of 
about  1  centimetre  were  left,  in  order,  probably,  to  facilitate  filtra- 
tion. This  field  was  probably  the  one  used  for  military  exercises,  to 
which  reference  is  made  in  the  same  inscription  as  being  one  of  the 
interesting  works  of  Betilienus. 

We  have  here,  therefore,  a  complete  system  of  drainage,  resembling 
the  modern  one,  but  constructed  twenty  centuries  ago,  and  still  in 
a  state  of  perfect  conservation.  The  utility  of  these  works  and  the 
merits  of  the  man  of  genius  who  constructed  them  are  proved  by  the 
esteem  in  which  he  was  evidently  held  by  his  fellow  citizens.  He 
was  twice  elected  censor,  a  statue  was  erected  to  his  memory, 
and  his  son  was  exempted  from  military  service. 

As  before  observed,  water  is  again  about  to  be  conducted  to  the 
town  of  Alatri.  The  success  of  the  modern  conduits  employed  at 
Anagni,  where  the  water  rises  at  one  bound  to  a  height  of  221  metres 
under  the  action  of  force-pumps,  leaves  no  doubt  whatever  of  the 
ultimate  success  of  the  projected  constructions,  where  the  new  con- 
duit will  have  a  length  of  from  14  to  15  kilometres,  and  where  the 
half  of  this  space  will  be  under  a  pressure  of  from  6  to  1 2  atmospheres. 

On   a  more  recent  visit  I  found  several  ancient  flint  weapons 
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known  to  the  peasants  under  the  name  of  thunder  stones.    Generally 
speaking  they  lie  at  a  very  small  depth  below  the  soil. 


PHENOMENA  OBSERVED  IN  THE  SPECTRA  PRODUCED  BY  THE 
LIGHT  OP  INDUCTION-CURRENTS  IN  TRAVERSING  RAREFIED 
GASES.       BY  M.  J.  CHAUTARD. 

In  examining  the  spectra  produced  by  rarefied  gases  raised  to  in- 
candescence under  the  influence  of  the  current  of  a  Ruhmkorff's 
coil,  I  have  noticed  various  new  j)henomena. 

The  degree  of  incandescence  of  the  gas  may  vary  either  in  conse- 
quence of  the  greater  or  less  density  of  the  ponderable  matter  in  the 
tube,  or  from  the  intensity  of  the  inducing  current.  M.  Pliicker 
has  described  the  phenomena  arising  from  variations  in  the  elasticity 
of  the  gas,  but  he  has  not  examined  the  diff'erent  conditions  of  the 
spectra  when  the  resistance  offered  to  the  current  of  the  pile  is  made 
to  vary. 

This  variation  of  resistance  in  the  inducing  current  may  be  pro- 
duced by  two  distinct  methods — either  by  elongating  the  wire  tra- 
versed by  the  current,  or  by  introducing  a  bar  of  soft  iron  into  an 
auxiliary  coil  which  is  traversed  by  the- circuit  of  the  battery  which 
works  the  Ruhmkorff's  ajjparatus. 

Working  so  as  to  vary  gradually  the  intensity  of  the  pile,  I  ob- 
served the  following  phenomena  with  the  tubes  at  my  disposal : — 

1 .  The  dazzling  red  light  of  the  fiydrogen-tuhe  finishes  by  being 
changed  into  a  livid  whitish-green  tint ;  the  spectrum,  instead  of 
offering  three  magnificent  rays,  red,  green,  and  violet,  which  cha- 
racteiize  this  gas,  and  which  occupy  almost  the  position  of  the  three 
Fraunhofer's  rays  C,  F,  and  G,  only  give  a  very  pale  green. 

The  glass  does  not  become  appreciably  heated  in  the  hand. 

The  stratification  in  the  enlarged  part  of  the  tube  has  the  same 
appearance  and  the  same  precision  as  in  the  case  of  the  normal  current. 

In  using  only  the  external  pole  of  the  induction  apparatus,  the 
current  still  traverses  the  gas,  but  the  light  becomes  so  pale  that  no 
shading  can  be  distinguished  by  the  prism. 

2.  In  nih-ogen  the  disappearance  of  several  shades  can  be  distin- 
guished ;  but  here  the  vanishing  of  the  colours  seems  to  take 
place  in  inverse  order.  Thus  the  rays  of  red  and  of  orange  first 
become  weaker ;  the  violet  only  disappears  finally  ;  the  yellow  and 
green  rays  remain,  spite  of  the  diminution  of  the  light. 

3.  The  rays  in  carbonic  acid  are  very  numerous  with  the  ordinary 
current  of  the  coil ;  but  if  the  tension  of  the  inducing  circuit  is  di- 
minished, the  same  absorption  of  the  extreme  shades  is  noticed. 
Red  commences  to  disappear,  then  the  violet  rays,  as  well  as  the 
green  ray  nearest  the  red. 

The  external  circuit  used  alone  does  not  allow  the  shades  of  the 
spectrum  to  be  distinguished. 

4.  Bromine  gives  a  magnificent  spectrum  furrowed  by  about  nine- 
teen of  the  most  beautiful  rays  separated  by  almost  dark  intervals. 
The  introduction  of  a  resistance  into  the  inducing  circuit  modifies 
neither  the  nature  of  the  spectrum  nor  the  number  of  rays  ;  there  is 
seen  only  a  simple  enfeeblement  in  the  general  aspect  of  the  tints, 
which  never  completely  disappear. — Comptes  Rendtis,  Aug.  22,  1864. 
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LI.   On  the  Theory  of  Light. — Second  Memoir. 
By  Professor  L.  Lorenz,  of  Copenhagen*. 

I  HAVE  communicated,  in  a  previous  memoirf  "  On  the 
Theory  of  Light,"  certain  theoretical  investigations  which 
I  have  since  continued  and  further  developed.  But  before  enter- 
ing more  fully  upon  the  details  of  the  results  obtained,  I  may  be 
allowed  to  take  this  opportunity  of  making  a  few  remarks  upon 
the  fundamental  principles  of  the  theory,  and  upon  the  particular 
position  which  it  occupies  relatively  to  other  theories. 

Researches  into  the  region  of  mathematical  physics  bear  wit- 
ness almost  universally  to  a  firm  belief  in  the  power  of  inductive 
reasoning  to  penetrate  to  the  forces  concealed  in  the  interior  of 
bodies,  in  order,  starting  from  thence  as  from  a  centre,  to  con- 
struct the  explanation  and  laws  of  phenomena.  This  is  the  path 
entered  upon  by  Laplace  and  those  of  his  school :  it  was  sup- 
posed that  the  problems  of  mathematical  physics,  hke  those  of 
astronomy,  were  accessible,  even  as  to  their  innermost  nature, 
by  the  inductive  method.  Molecular  forces  have  been  in  all 
cases  assumed  as  the  starting-point,  which,  like  the  forces  of 
universal  attraction,  are  supposed  to  be  a  function  of  the  mutual 
distances  of  the  molecules,  proportional  to  their  masses,  and  to 
act  only  in  the  direction  of  the  lines  joining  their  centres.  The 
sum  of  hypotheses  involved  in  this  assumption  has  scarcely  been 
clearly  seen ;  but  how  wide  the  basis  is  which  has  been  chosen 
for  the  erection  of  almost  all  manner  of  wonderful  structures  has 
been  sufficiently  shown  by  modern  analysis.  But  have  these 
conceptions  respecting  the  nature  of  molecular  forces  led  to  con- 

*  Translated  from  Poggendorff' s  Annalen,  vol.  cxxi.  p.  579. 
t  Phil.  Mag.  S.  4.  vol.  xxvi.  p.  81. 

Phil.  Mag.  S.  4.  Vol.  38.  No.  191.  Dec.  1864.  2  E 


410  Prof.  Lorenz  on  the  Theory  of  Light. 

sequences  which  could  have  been  arrived  at  in  no  other  way  ?  and 
have  these  consequences  always  been  correct  ? 

The  Theory  of  Capillarity  can  be  developed  equally  well  loith- 
out  these  hypotheses ;  and  the  only  result  to  which  they  have 
led  is  the  principle  discovered  by  Laplace  and  Poisson,  that  the 
height  of  liquids  in  capillary  tubes  at  different  temperatures  is 
proportional  to  the  densities  of  the  liquids.  This  principle,  how- 
ever, is  false.  The  same  assumption,  applied  to  the  doctrine  of 
Electricity,  led  Poisson  to  the  determination  of  the  relation 
between  the  two  electric  constants;  but  this  conclusion  also  has 
turned  out  to  be  incorrect.  Poisson's  calculation  has  been  par- 
tially altered,  and  the  final  deductions  veiled  under  an  unsummed 
summation-formula ;  but  does  such  a  result  give  us  any  right  to 
consider  the  accuracy  of  our  previous  hypotheses  as  established  ? 

This  assumption  led,  in  Cauchy^s  hands,  to  wonderful  results 
by  its  application  to  the  theory  of  light.  Originally  it  served  to 
explain  the  dispersion  of  light ;  it  was,  however,  at  once  found 
that  a  materially  vacuous  space  would  disperse  light,  provided 
that  a  definite  hypothesis  was  made  regarding  the  nature  of  force 
as  a  function  of  the  distance.  One  would  have  supposed  that  so 
important  a  glimpse  into  the  nature  of  molecular  forces  would 
necessarily  lead  to  further  consequences ;  but  this  was  not  the 
case.  On  the  contrary,  it  was  found  in  this  case  as  in  others — 
for  example,  in  the  cases  of  the  hypotheses  which  it  was  neces- 
sary to  add  in  order  to  explain  double  refraction — that  the  new 
hypotheses  were  serviceable  for  those  purposes  only  for  which 
they  had  been  invented :  ulterior  consequences  could  not  and 
might  not  be  drawn  from  them. 

I  will  not,  however,  dwell  upon  objections  of  this  kind,  since 
they  have  already  been  made,  but  still  have  not  overthrown  the 
theory.  They  have  on  their  side  only  a  certain  degree  of  pro- 
bability, while  against  them  are  ranged  all  the  important  results 
which  have  hitherto  been  deduced  from  the  theory.  On  the 
contrary,  I  will  lay  stress  upon  a  new  objection,  inasmuch  as 
it  in  reality  upsets  the  theory,  while  the  great  results  of  the  theory 
which  can  be  opposed  to  the  objection,  are  not  so  great  but 
that,  as  I  shall  show,  they  can  be  much  more  completely  attained 
by  a  different  method. 

The  phenomenon  of  circular  polarization  obliged  Cauchy  to 
assume  a  periodicity  in  the  internal  structure  of  bodies.  Against 
this  nothing  can  be  objected ;  for  such  a  heterogeneity  is  precisely 
the  most  general  case,  and  homogeneity,  on  the  contrary,  a  par- 
ticular case.  Cauchy,  however,  committed  the  fundamental 
mistake  of  assuming  that  the  mean  values  of  the  periodic  dis- 
placements of  the  particles  of  the  rethcr  were  approximately 
dependent  merely  on  the  mean  values  of  the  periodic  coefficients 
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of  his  differential  equations.  This  theorem,  taken  as  one  of 
general  application,  can  be  easily  disproved  by  a  simple  example. 
The  following  differential  equation  may  serve  as  such : — 

where  we  will  assume  a  to  be  greater  than  b^  and  a  very  small. 

The  mean  value  of  the  periodic  coefficient  a-\-b  cos  —  is  a,  and 

the  mean  value  of  the  integral  would  therefore,  according  to  the 
above  theorem,  be  approximately 

But  this  result  is  incorrect ;  for  integration  gives  exactly 

dx 

and  afterwards  approximately,  if  «  is  very  small. 


a  value  which  differs  essentially  from  the  foregoing,  inasmuch 
as  the  constant  of  periodicity  b  enters  into  it. 

The  theorem,  therefore,  cannot  be  maintained  in  all  its  gene- 
rality ;  neither  is  it  any  more  specially  applicable  to  Cauchy's  dif- 
ferential equations.  In  the  Jirst  place,  not  only  circular  polari- 
zation, but  also  double  refraction,  if  the  equations  are  otherwise 
correct,  must  result  from  the  periodicity  of  the  coefficients.  In 
order  to  prove  this,  we  have  no  need  to  lose  ourselves  in  endless 
calculations,  for  nature  herself  has  carried  out  the  calcula- 
tion. Brewster  and,  more  recently,  M.  Schultze  ( Verhandl.  d. 
rheinl.  Gesellsch.  1861)  have  in  fact  shown  that  transparent  sub- 
stances in  thin  layers  are  doubly  refracting.  This  important  fact 
therefore  demonstrates  that  a  periodicity  in  the  interior  of  bodies 
must  involve  double  refraction. 

In  the  second  place,  it  is  at  once  obvious  that  the  thickness  of 
the  layers  of  a  periodically  heterogeneous  body  must  exert  an 
influence  upon  the  course  of  the  ray  which  will  depend  upon  its 
wave-length,  and  therefore  that,  whatever  differential  equations 
we  take  as  our  basis,  chromatic  dispersion  at  least  is  deducible 
from  the  periodicity  of  the  coefficients.  This  explanation  of 
chromatic  dispersion  shows  moreover  very  simply  why  it  is  that 
chromatic  dispersion  is  peculiar  to  material  bodies  and  is  not 
possessed  by  a  vacuum. 

If,  however,  we  now  find  that  theory  requires  us,  on  the  one 
hand,  to  assume  a  periodicity  in  the  internal  structure  of  bodies, 
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but  that,  on  the  other  hand,  this  assumption  brings  with  it  not 
only  the  explanation  of  circular  polarization,  which  had  necessi- 
tated its  being  made,  but  also  the  explanation  of  double  refrac- 
tion and  chromatic  dispersion — phenomena  which  had  given  rise 
to  the  fundamental  hypotheses  of  the  molecular  forces — these 
latter  hypotheses  become  quite  superfluous;  and  an  hypothesis 
which  is  superfluous  is  false.  The  whole  complicated  apparatus 
of  hypotheses  becomes  merely  an  arbitrary  appendage  to  the 
theory  as  soon  as  all  can  be  explained  by  periodicity. 

Thus,  as  in  other  branches  of  mathematical  physics,  so  also  in 
optics,  we  are  obliged  to  give  up  the  common  conceptions  con- 
cerning the  nature  of  molecular  forces.  It  would  be  of  very 
little  use  to  try  to  construct  the  theory  of  light  upon  new  phy- 
sical hypotheses,  or  upon  new  conceptions  of  what  goes  on  in  the 
interior  of  bodies,  concerning  which  we  are  probably  quite  unable 
to  form  any  conception  whatever.  The  science  of  our  day  takes 
a  totally  different  direction,  and  seeks  to  free  itself  from  all  such 
conceptions,  which  are  only  iynes  fatui,  and  perhaps  no  better 
guides  than  the  conceptions  of  Bacon's  time  were  in  their  day. 

In  the  theory  of  light  we  do  not  require  to  know  any  magni- 
tudes but  such  as  we  can  directly  or  indirectly  take  cognizance 
of.  These  magnitudes  are,  the  Intensity,  the  Velocity,  the  Direc- 
tion of  emission,  the  Colour,  the  Phase,  and  lastly  the  position  of 
the  Plane  of  Polarization.  Light,  as  is  well  known,  does  not 
make  a  momentary  im])rcssion  upon  our  eye;  and  the  intensity 
which  we  measure  is  therefore  a  jnean  intensity,  or  the  sum  of 
all  the  impressions  made  during  a  short  interval  of  time;  but  if 
we  supjoose  the  eye  capable  of  perceiving  the  intensity  of  eveiy 
colour,  at  every  single  moment  of  time,  and  at  every  point  in 
space,  it  would  then  be  able  to  determine  not  merely  the  mean 
intensity,  but  also  the  velocity,  the  direction  of  emission,  the 
colour,  and  the  phase;  for  every  alteration  of  any  one  of  these 
would  modify  the  impression.  We  may  thei'efore  comprehend 
all  these  magnitudes  under  one  idea — that  of  Intensity  in  a 
wide  sense.  In  addition  to  this  function  of  the  time  and  of  the 
coordinates  of  space,  we  only  require  two  more  in  order  to  be 
able  to  determine  the  position  of  the  plane  of  polarization  ;  light 
is  thus  at  every  point  and  at  every  moment  fully  characterized 
by  three  magnitudes  dependent  upon  the  time  (/)  and  the  coor- 
dinates of  the  point  {x,  y,  z). 

The  problem  of  the  theory  now  becomes  to  find  three  partial 
differential  equations  which  hold  good  for  all  media,  and  express 
the  dependence  of  these  three  magnitudes  upon  the  independent 
variables  {x,  y,  z,  t).  From  these  equations  we  must  then  be 
able  to  deduce  all  the  phenomena  of  light,  those  only  excepted 
which  depend  upon  unknown  forces,  such  as  electrical  and  che- 
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mical  forces.  Hence,  conversely,  only  the  fundamental  equa- 
tions can  be  in  turn  deduced  from  these  phenomena,  but  nothing 
like  a  physical  theory :  as  well  might  we  expect  to  deduce  such 
a  theory  from  the  phenomena  of  reflexion  in  a  concave  mirror  or 
from  the  refraction  of  a  lens,  as  i'rom  diffraction  or  double  refrac- 
tion &c.  On  the  contrary,  the  physical  explanation  is  probably 
hidden  under  the  unknown  forces  already  referred  to. 

If  we  now  try  to  find  the  three  partial  differential  equations 
which  are  to  be  the  foundation  of  the  theory,  we  soon  discover 
that  the  intensity  and  plane  of  polarization  cannot  be  directly 
introduced  into  such  equations,  but  that  auxiliary  magnitudes 
dependent  upon  these  must  be  taken  instead.  Let  these  auxi- 
liary magnitudes  be  ^,  rj,  ^;  they  may  be  spoken  of  simply  as 
light-components.  I  will  not  now  dwell  longer  upon  the  manner 
in  which  the  three  differential  equations  are  arrived  at  in  my 
former  memoir ;  for  after  they  have  been  found  it  is  immaterial 
how  this  has  been  done ;  their  truth  must  be  evidenced  by  their 
capability  of  accounting  for  all  the  phenomena  of  light,  with  the 
exception  of  those  which  depend  upon  unknown  forces.  These 
equations,  in  a  somewhat  altered  form  and  without  the  dashes 
over  the  components,  are  as  follows : — 

d_/dl  _  dTf\_  d_/(I^  _  ^\_  JL^  rf2| 
dy\dy      dx)      dz\dx      dz)      w'^  dt'^ 

dz\dz~dy)~dx\cbj~dx)~'(^W'    ^'  '     '    ^    ' 
_^(d^_dl\_d_/dri_d^\l   d^ 
dx\dx      dz)      dy\dz       dy)      w^  dt^' 

In  addition  to  these  equations,  and  complementary  to  them, 
we  have  two  others,  which  express  the  dependence  of  the  inten- 
sity and  the  position  of  the  plane  of  polarization  upon  the  com- 
ponents 1^,  ri,  ^,  the  intensity  of  the  light  being  determined  by 
the  equation 

I=^.(P  +  ^^  +  H, 
and  the  plane  of  polarization  by  the  equation 

where  x\  y\  z'  are  the  cui-rent  coordinates  of  this  plane.  The 
components  are  therefore  proportionate  to  the  cosines  of  the 
angles  which  the  perpendicular  to  the  plane  of  polarization 
makes  with  the  three  axes  of  coordinates  respectively. 

The  magnitude  w  is  a  function  of  x,  y,  and  z,  which  for  homo- 
geneous media  becomes  a  constant.  In  these  cases  the  equations 
assume  a  well-known  simple  form,  whence  the  well-known  laws 
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of  the  propagation  of  light  in  homogeneous  media  can  be  deduced, 
as  well  as  the  laws  of  diffraction  (when  this  is  not  complicated 
with  simultaneous  refraction  and  reflexion),  those  of  interference, 
of  the  polarization  of  the  diffracted  ray,  and  of  the  decrease  of 
the  intensity  of  the  light  emitted  by  a  luminous  point  with  the 
square  of  the  distance.  I  need  not  now  stay  to  discuss  the  man- 
ner in  which  these  laws  are  deduced  from  the  familiar  equations, 
and  I  will  consider  it  as  well  known  and  established  that  the 
equations  are  true  for  homogeneous  media.  It  results  from  the 
form  of  the  integrals  that  light  may  be  regarded  as  a  wave-motion, 
without  nevertheless  our  being  able  to  form  any  kind  of  notion 
as  to  the  nature  of  this  wave-motion,  as  must  be  sufficiently  evi- 
dent from  what  has  gone  before.  The  integrals  further  show 
that  ft)  is  the  velocity  of  propagation. 

Passing  on  to  heterogeneous  bodies,  we  see  at  once  that  the 
determination  of  the  notions  of  intensity  and  plane  of  polarization 
is  to  a  certain  extent  arbitrary,  inasmuch  as  these  cannot  be  expe- 
rimentally ascertained  for  heterogeneous  bodies.  The  plane 
of  polarization  is  arbitrarily  fixed  as  for  homogeneous  media, 
while  for  the  determination  of  the  intensity  we  have  the  rule 
that  the  intensity  of  all  the  refracted  and  reflected  light  is  equal 
to  that  of  the  incident  light  when  the  refracting  body  is  perfectly 
transparent  and  homogeneous  :  whether  such  a  medium  is  actu- 
ally to  be  met  with  in  nature  is  of  no  consequence.  In  order  to 
arrive  at  this,  we  might  have  multiplied  the  components  by  some 
power  of  ft)  and  then  have  fixed  this  power  by  the  condition 
already  made,  as  was  done  in  the  previous  memoir;  but  we  shall 
soon  sec  that  this  is  already  accomplished  in  the  above  equation 
of  intensity. 

In  the  previous  memoir  I  have  deduced  the  laws  of  double 
refraction,  of  circular  polarization,  and  of  chromatic  dispersion 
from  the  differential  equations;  moreover  the  principles  which 
are  to  serve  to  calculate  the  reflexion  and  refraction  of  light 
result  from  the  integration  of  the  equations,  inasmuch  as  I  have 
found  that  the  four  magnitudes 

'^'      ^'     ~dx      dij     dx      dz 

have  the  same  value  on  both  sides  of  the  plane  of  coordinates 
y  z,  which  we  assume  as  the  limiting  surface  of  the  two  media. 
Before  trying  to  develope  further  the  consequences  of  the  results 
already  obtained,  I  will  show  how  a  theory  of  the  reflexion  and 
refraction  of  light  which  agrees  perfectly  with  experiment,  may 
be  deduced  from  the  last  limiting  conditions. 

It  is  well  known  that  Neumann,  in  his  classical  work  on  the 
reflexion  and  refraction  of  light,  treated  this  problem  in  a  very 
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complete  manner ;  and  the  results  of  his  calculation  have  been 
universally  confirmed  by  experiment.  The  suppositions  from 
which  he  sets  out  seem,  nevertheless,  at  the  first  glance  quite 
opposed  to  ours :  his  luminous  vibrations  are  situated  in  the 
plane  of  polarization  and  in  the  plane  of  the  wave,  the  inten- 
sity of  the  light  is  measured  by  the  square  of  these  vibrations, 
and,  finally,  his  four  limiting  conditions  are  quite  different  from 
ours.  If,  however,  we  disregard  the  arbitrary  physical  significa- 
tion which  he  has  assigned  to  his  light- components,  it  appears 
at  once  that  he  has  used  different  auxiliary  magnitudes  from 
ourselves.  We  will  denote  these  new  components  by  ^',  rj',  ^', 
and  we  will  in  the  first  place  investigate  the  relation  between 
these  and  our  own. 

In  the  previous  memoir  it  has  been  shown  that,  for  a  periodi- 
cally heterogeneous  body,  the  components  ^,  rj,  ^  can  be  deve- 
loped in  series  whose  terms  contain  the  variable  factor 

cos(A^ — Ix—my  —  nz—A), 

wherein  k,  I,  m,  n  are  constants,  and  A,  on  the  other  hand,  in 
general  a  function  of  x,  y,  z,  which  becomes  a  constant  in  the 
first  three  terms  only.  The  portion  of  these  series  which  con- 
tains A  as  a  variable,  indicates  a  periodic  motion  changing  with 
the  periodicity  of  the  body  ;  while  the  other  portion  of  the  com- 
ponents, which  we  will  denote  by  ^.,  77^.,  ^^,  represents  the  proper 
visible  motion  propagating  itself  in  plane  waves. 

In  accordance  with  the  differential  equation  (A),  we  have 

k^ 

the  subsequent  terms  containing  merely  the  other  portion  of  the 
components.     By  multiplic/ition  by  ^  we  get  from  this  equation 

The  intensity  of  the  visible  light,  which  we  will  denote  by  I^,  is 

that  portion  of  the  expression  — ^  (P  +  ''?^  +  ^*)  which  contains  A 

only  as  a  constant;  and  to  determine  this  we  easily  get  the 
equation 

The  same  intensity,  expressed  by  means  of  Neumann^s  compo- 
nents, gives 

Besides,  f,,  77,,  ^^  are  proportional  to  the  cosines  of  the  angles 
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contained  between  the  perpendicular  to  the  plane  of  polariza- 
tion of  the  visible  light  and  the  axes  of  coordinates^  whereas 
Neumann^s  resultants  lie  in  this  plane ;  thus  we  have 

The  last  resultant,  moreover,  lies  in  the  plane  of  the  wave,  whence 
we  have 

From  these  equations  result  the  following  relations  between 
the  two  sets  of  components,  namely, 

equations  to  which  we  can  also  give  the  form 

dl^drj,_d^     dr[^d^_dl     d^^dl_d^^ 
at       dz       dij       dt        dx      dz       dt       dy       dx 
Our  limiting  equations,  which  we  may  write  as  follows, 

w:::=o,  K.]:::=o,  e..-|];:;=o. 

r<_<]-=o, 

\jdx        dz  J  a,=o 

where  e  is  an  infinitely  small  quantity,  shall  now  be  expressed 
with  the  new  components.  From  the  last  two  equations  we  get 
at  once 

[V]:::=o,  and  [n::;=o. 

By  the  first  equations,  we  have 

Ldz       dyJ  x=o 
accordingly 

[r]:::=o. 

Thus  all  the  components,  |',  ri\  ^',  take  the  same  values  at  the 
limiting  surface  of  the  two  media,  which  agrees  perfectly  with 
Neumann's  hypotheses.  Lastly,  the  foui'th  limiting  equation, 
which  with  our  components  we  may  express  by 

may  be  arrived  at  as  follows  for  the  new  components. 

Let  q  be  the  angle  which  the  perpendicular  to  the  plane  of 
the  wave  makes  with  the  ray  of  light.  Since  our  resultant,  as 
was  shown  in  the  previous  memoir,  makes  the  same  angle  with 
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the  plane  of  the  wave,  we  have 

i^.  +  mrj^  +  n^ 

s/l^-hm^  +  nWh'  +  Vs'  +  ^s^ 
whence  follows 

tan  q=  +  b«  •      /«  <     s« 


^/(nv-mt;f+{lX-n^f+{ml-lvf' 
We  get,  further,  from  the  above  values  of  rj'  and  ^', 
k  {nv'  -m^)=  l{mrj^  +  /^C)  -  (»»^  +  n^)  ^,. 
By  eliminating  f^  from  these  two  equations,  after  having  ex- 
changed the  denominator  of  the  first  for  Jc\/^'^  +  rf-^  +  ^'^,  we  have 

rnv  +  n^=-  n^  \^  2  [/(nV-mr)  ±K  +  /^^)  tan  ^y^' +  '?"  +  ?"]  J 

and  this  expression  must  therefore  have  the  same  value  on  both 
sides  of  the  limiting  surface.  If,  adopting  Neumann^s  notation, 
we  call  the  angle  which  the  plane  of  the  wave  and  the  plane  of 
refraction  {xjz)  make  with  each  other  ^,  and  the  angle  which  the 
new  resultant  makes  with  the  line  of  intersection  of  the  plane  of 
the  wave  and  the  plane  of  refraction  -vlr,  we  have 

/  , 

.  =  cos  <p, 

v/^  +  m^  +  n^ 

nrf  -m^=±  cos  yfr\/^^^+^  v^p  +  ^^'s  +  ^'s^ 

By  introducing  into  it  these  magnitudes,  the  last  limiting  equa- 
tion becomes 

[\/p  +  7?'2+^'^(cos  </)  sin  (/)  cos  i/r  +  sin^  </>  tan  9)]^:^'=0. 

This  condition  agrees  exactly  with  Neumann's  hypothesis,  if 
only  we  take  the  double  sign  arbitrai'ily,  as  Neumann  did. 
Strictly  speaking,  Neumann  started  from  the  assumption  that 
the  intensity  of  the  incident  light  is  equal  to  the  intensity 
of  all  the  refracted  and  reflected  light;  he,  however,  refers 
this  assumption  back  to  the  previous  one.  Conversely,  there- 
fore, we  may  conclude  that  our  four  limiting  equations  include 
the  principle  of  the  maintenance  of  the  intensity,  and  hence  that 
our  intensity  equation,  by  which  this  condition  must  be  fulfilled, 
is  rightly  chosen. 

Now  that  we  have  thus  deduced  Neumann's  hypotheses  from 
our  own,  the  problem  we  had  proposed  to  ourselves  is  fully 
solved ;  for  it  follows  from  the  results  obtained  that  the  same 
theory  of  reflexion  and  refraction,  complete  and  accordant  with 
experiment,  which   Neumann  has  developed,  can  likewise   be 
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deduced  from  our  fundamental  equations.  Here,  as  previously 
in  the  theory  of  double  refraction,  we  have  arrived  at  one  of  the 
stations  from  which  the  formal  part  of  the  theory  takes  its  start, 
and,  thanks  to  the  great  development  which  this  part  of  the 
theory  has  attained,  a  whole  section  of  the  doctrine  of  light 
again  lies  before  us  (without  our  needing  to  take  one  step  fur- 
ther) as  a  simple  consequence  of  our  theory.  If  the  theory  of 
reflexion  and  refraction  had  not  already  been  developed  as  it  has 
been,  we  should  not  endeavour  to  express  the  limiting  equations 
by  means  of  any  other  auxiliary  magnitudes  than  our  compo- 
nents; for  both  the  limiting  equations  and  the  law  of  double 
refraction,  when  expressed  by  means  of  these,  assume  their  sim- 
plest form,  and  hence  also  the  calculation  with  them  would  be 
simpler  and  more  elegant. 

In  the  above  calculation  we  have  indeed  taken  into  conside- 
ration the  immediate  effect  of  the  periodic  part  of  the  compo- 
nents, which  must  accompany  every  wave  of  light  in  the  periodi- 
cally heterogeneous  body  and  is  dependent  upon  it;  there  arises, 
however,  also  a  secondary  effect  of  th6  periodic  motions  of  the 
two  media,  a  mutual  reflex  action,  which  cannot  be  without  influ- 
ence upon  the  visible  light-motion.  Here,  as  throughout  all 
nature,  we  meet  with  a  perturbation ;  and  this  small  departure 
from  the  results  obtained  will  probably  be  capable  of  confirma- 
tion by  experiment.  Were  both  media  homogeneous,  both 
the  calculation  and  the  principle  of  the  maintenance  of  the  in- 
tensity would  be  exactly  true ;  not  so,  however,  in  the  opposite 
case.  This  also  may  be  made  directly  evident ;  for  a  part  of  the 
original  quantity  of  light  must  necessarily  be  extinguished  in 
the  production  of  periodic  wave-motions  within  the  body.  I  will 
here  pass  over  another  perturbation,  to  which  I  have  previously 
directed  attention*,  and  which  depends  upon  the  fact  that  the 
two  media  are  not  separated  by  a  perfectly  sharp  mathematical 
plane. 

The  loss  of  visible  light  above  mentioned  must  not  be  con- 
founded with  that  which  arises  from  simple  absorption.  The 
latter  can  be  easily  calculated.  Modern  investigations  into  the 
reflexion  and  refraction  of  imperfectly  transparent  and  metallic 
bodies  have,  in  fact,  led  to  the  remarkable  result,  that  the  same 
laws  which  apply  in  the  case  of  transparent  bodies  apply  here 
also,  with  the  single  difl"erence,  that  the  refractive  ratio  now 
assumes  the  complex  form  a  +  b  \^  —  1.  From  this  fact  we  can 
draw  the  important  conclusion  that  our  differential  equations 
hold  good  not  only  for  transparent  bodies,  but  for  all  bodies 
without  exception.     It  is  moreover  apparent,  if  we  endeavour  to 

*  Poggendorff's .^nncZew,  vol.  cxi.  p.  111. 
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find  the  refractive  ratio  by  means  of  the  serial  developments  of  the 
former  memoir,  that  it  can  also  assume  this  more  general  form ; 
but  it  is  difficult  to  indicate  the  conditions  under  which  this  will 
occur.  It  appears,  however,  that  this  case  must  arise  when  the 
interval  between  two  similar  points  of  a  body  is  not  small  rela- 
tively to  the  wave-length.  For  this  reason,  for  instance,  a  trans- 
parent body  ceases  to  be  transparent  when  pulverized. 

If  we  now  place  the  results  of  the  former  memoir  side  by  side 
with  our  present  ones,  we  perceive  that  our  object — namely,  to 
deduce  all  the  phenomena  of  light,  which  do  not  depend  upon 
unknown,  electrical  or  chemical  forces,  from  our  fundamental 
equations — is  now  attained ;  for  the  explanation  of  Double  Re- 
fraction, of  Circular  Polarization,  of  Chromatic  Dispersion,  of  Re- 
flexion, and  of  Refraction  results  from  them  as  a  simple  conse- 
quence. The  general  theory  of  diffraction  may  here  be  passed 
by,  for  it  can  afford  no  control  of  our  theory.  For  homogeneous 
bodies,  it  is  easily  deducible  from  our  equations ;  but  as  soon  as 
the  phenomenon  is  complicated  with  simultaneous  reflexion  and 
refraction,  the  difficulty  lies  even  more  in  finding  the  conditions 
which  correspond  to  each  particular  experiment  than  in  the  cal- 
culation itself;  and  agreement  between  calculation  and  experi- 
ment would  rather  prove  that  the  conditions  had  been  rightly 
chosen,  than  be  a  control  of  the  theory.  I  think  therefore 
that  I  may  regard  the  accuracy  of  our  fundamental  equations  as 
fully  established,  and  I  will  in  the  sequel  direct  attention  only 
to  a  few  further  consequences  of  the  results  that  have  been 
obtained. 

The  periodic  coefficient  w  occurring  in  our  equations  may  be 
expressed,  as  has  already  been  done  in  the  previous  memoir,  in 
a  general  manner  by  the  equation 

1  _  1   /       ^  a^-\-hj,y  +  Cj^  +  dp\ 

where  fl,  Cp,  &c.  are  constants.  According  to  this  formula,  we 
consider  the  body  as  made  up  of  several  systems  of  parallel  layers, 
whose  thickness  is  Up,  and  whose  perpendicular  makes  with 
the  axes  of  coordinates  angles  which  are  determined  by  their 
cosines  dp,  bp,  Cp.  Further,  let  a,  b,  c  be  the  velocities  of  pro- 
pagation which  the  components  possess  in  the  directions  of  the 
three  axes,  while  «i,i,  02,2^  «3,3  are  connected  therewith  by  the 
equations 

or  b^  c^ 

These  last  magnitudes,  like  a-^^i,  &c.,  in  the  former  memoir,  can 
now  be  determined  from  the  constants  of  the  body;    and  for 
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ap  =  0  we  easily  find 


2  ^2 

P        2 
1,1—  J-         ^"2~"P*  "2,2—  L         ^-^-"p,  «3,3  — X         ^-^-Cp. 


If  a  body  is,  for  instance,  sti'atified  in  one  direction  only,  and 
we  take  the  perpendicular  to  the  layers  as  the  axis  of  x,  we  have 
Op=l,  and  Z»p  =  Cp=0.  Consequently  the  velocities  b  and  c 
become  equal  to  each  other  when  a,  or  the  velocity  of  propaga- 
tion of  the  components  in  the  direction  of  the  perpendicular,  has 
reached  its  greatest  value.  Such  a  substance  therefore  behaves 
like  a  doubly  refracting,  uniaxal,  negative  crystal,  whose  axes  are 
perpendicular  to  the  layers  of  the  body.  This  result  agrees 
with  the  experiments  of  M.  Schultze  [Verh.  derrheinl.  Gesellsch. 
1861). 

If  we  call  the  velocity  of  light  in  vacuo  0,  the  refractive 

index  corresponding  to  the  velocity  a  is  — ,  and  a  mean  refractive 
index  will  be  expressed  by 

''=\/sOt»'  +  r»  +  c-0- 

This  mean  refraction  coefficient  is  independent  of  the  position  of 
the  axes  chosen,  even  if  the  small  magnitudes  a^  are  not  quite 
neglected ;  for  we  find. 


2 


fl'i,!  =  «2,2  +  «3,3  =  3  —  S -^  +  Sep*  ap2 


whence  we  have 

a  value  which  is  independent  of  the  choice  of  the  axes. 

o__ 

In  the  last  equation  k  is  put  =  -r— ,  where  \  denotes  the  wave- 

length,  in  order  that  it  may  at  once  be  evident  that  the  mean 

refraction  coefficient,  or  its  square,  assumes  the  form  a  +  h  —^, 

where  b  is  always  a  positive  quantity.  The  smaller  therefore  the 
wave-length  is,  so  much  the  more  refrangible  does  the  light 
become — a  law  which  has  universally  proved  true ;  still,  the  above 
approximate  formula  might  possibly  not  be  sufficient  for  absorb- 
ent media,  and  in  this  way  exceptions  to  the  rule  might  arise. 

The  form  which  we  have  given  to  the  function  &)  has  been 
the  most  simple  and  convenient  for  the  foregoing  calculations ; 
but  if  we  wish  in  addition  to  form  any  conclusions  respecting 
the  internal  constitution  of  bodies,  it  becomes  necessary  to  de- 
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termine  the  constants  more  precisely.     The  coefficient   —^  is  in 

general  any  function  f{x,  y,  z)  which  satisfies  the  equation 

f{x,  y,  z)=f{x  +  2pui,  y  +  2q^^,  s+2ry{), 

if jO,  q,  rave  arbitrary  whole  numbers^  and  a^,  ySj,  7,  are  very 
small  constants.  This  condition  expresses  that  the  body  is  he- 
terogeneous in  such  sort  that  the  heterogeneity  eludes  observa- 
tion by  a  very  quickly  returning  periodicity^  and  the  body  thus 
appears  to  be  homogeneous. 

Such  a  function  can  be  expressed  by  the  well-known  formula 

CdvT  ,         /i{x—a)      e,(y— /3)     h{z—y)\ 

My,z)=2^  — /(«,A7)cos7r(^--— ^  +  ^^j^+  ^^^)' 

where  i,  ij,  i^  are  whole  numbers  which  run  through  the  series 
of  numbers  from  —  00  to  +cc  ,  and  the  integral  is  taken  from 
— «„  — /Sj,  — 7i  to  «!,  ySj,  7i.  Fui'ther,  disr  is  put  in  place  of 
da  d^ dy,  and CTj  is  the  value  of  \  dts^Sa^  /Sj  71. 

If  the  term  which  contains  iz=i^  =  i^:=0  is  separately  extracted 
from  this  sum,  and  if  moreover  the  negative  values  of  i  are  ex- 
cluded by  multiplying  the  sum  by  2  and  taking  the  terms  which 
contain  i  =  0  at  half  their  value,  we  get,  with  the  meaning  of  the 
sign  of  summation  thus  altered, 

f{x,y,z)  -J  -/+  22 j  ^/cos  \-^  +  —^^  +  ~^^y 

where /is  put  for /(a,  /S,  7). 

If  we  now  compare  this  value  of  the  coefficient 

with  the  previous  one,  we  have 

1  Cd-BT     r 

i=2Q^f^/cos7r(^  +  ^+!^\ 

i^  =  -2Q^  r^/sin  Trf  ^  +  if  +  '^\ 

From  the  last  two  equations  we  may  deduce  the  value  of  Se^^, 
and  simplify  the  resulting  expression  by  introducing  the  product 
of  two  equal  integi'als  instead  of  the  square  of  the  definite  inte- 
gral.    If  the  variables  of  the  one  integral  are  then  distinguished 


dp 
,  cos  — 


e„  sm  — 
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by  accents,  and/'  put  instead  of /(a',  13',  y'),  we  obtain 

2e/=4n'*2  f  — /f^/C, 
where 

\     «i  Pi  7i      / 

But  in  accordance  with  the  above  formula  for  f{x,  y,  z),  we  have 

and  therefore 


P  2- 


The  values  of  Q^  and  2ep^  can  now  be  introduced  into  the 
above  expression  for  the  mean  refractive  index.  '  Since,  how- 
ever, we  may  suppose  the  perturbing  effect  of  chromatic  disper- 
sion to  be  eliminated  by  calculation,  we  may  entirely  disregard 
the  small  quantity  Up,  and  only  introduce  the  new  magnitudes 
into  the  equation 

Q2      60^ 


r2-  VL  _J^V,  2 


where  r  accordingly  is  the  value  of  the  reduced  mean  refractive 
index. 

We  will  now  try  to  apply  the  results  we  have  obtained.  It 
must  not,  however,  be  overlooked  that  the  last  equation  gives 
only  an  approximation  to  the  value  of  r,  inasmuch  as  it  was  ori- 
ginally assumed  that  the  magnitudes  e^  were  small.  I  have 
indeed  succeeded  in  developing  the  exact  value  of  r  in  a  series 
the  first  terms  of  which  are  the  above,  and  I  am  ready  to  com- 
municate this  calculation  in  case  it  shall  be  called  for ;  but  the 
above  approximate  formula  may  nevertheless  be  considered  suffi- 
cient for  the  present  purpose. 

It  is  well  known  how  the  idea  of  the  absolute  refractive  power 
early  arose  in  science,  how  it  has  been  discarded  by  the  prevailing 
theory  as  useless,  and  how  it  nevertheless,  claiming  a  certain 
currency  in  spite  of  the  theory,  is  perpetually  reappearing.  It 
is  only  needful  to  cast  a  glance  at  the  general  survey  of  refrac- 
tive powers  of  various  bodies  given  by  Albr.  Schrauf  in  Poggen- 
dorff's  Annalen,  vol.  cxvi.,  to  be  convinced  of  a  certain  i-egularity. 
Especially  it  may  be  seen  that  the  refractive  power,  freed  from 
the  influence  of  dispersion,  as  it  is  expressed  by  the  formula 

TIT      ^^-1 
M= } 
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where  p  is  the  density  of  the  substance,  remains  nearly  constant 
for  the  same  body  at  different  densities,  and  that  the  refractive 
power  of  mixtures  can  be  calculated  from  those  of  their  separate 
constituents  by  the  formula 

if/)  is  the  weight  of  the  mixture,  and  the  marked  letters  are 
taken  as  applying  to  the  several  constituents  of  the  mixture.  An 
additional  law,  which  seems  not  to  have  been  remarked,  appears 
from  the  same  table  of  refractive  powers  {lac.  cit.  p.  211),  namely, 
that  the  refractive  power  always  and  without  exception  decreases 
somewhat  with  the  refractive  index.  It  was  precisely  the  pre- 
sent theory  which  first  drew  my  attention  to  this  point. 

The  above-mentioned  empirical  laws  can  in  fact  all  be  deduced 
from  our  theory,  but  only  on  the  supposition  that  bodies  are 
made  up  of  transparent  particles  or  molecules  separated  by  in- 
terstices in  which  the  velocity  of  light  is  the  same  as  in  a  vacuum. 
The  molecules  must  likewise,  so  far  as  these  laws  remain  appli- 
cable, be  unalterable,  in  the  sense  that  any  alteration  of  the  body 
affects  merely  the  size  of  these  interstices  and  the  arrangement 
of  the  molecules  themselves. 

In  the  integral  \        f*^^ 


we  may  therefore  separate  the  elements  which  belong  to  the 
empty  spaces  surrounding  the  molecules.  Since  the  velocity  of 
light  (ft))  is  here  equal  to  0,  and  therefore 


we  obtain 


Q2  -  02  + 


m-0^' 


if  we  allow  the  integration  now  to  extend  only  to  the  unalterable 
portion  of  the  space  OTj,  occupied  by  the  molecules. 

If  p  is  put  for  the  density  of  the  substance,  then  pzjy  remains 
a  constant  quantity,  which  may  be  denoted  by  c,  for  all  altera- 
tions of  density.     According  to  this,  we  obtain 

where 

p=J^(oy-i), 

a  quantity  which  is  independent  of  the  density  of  the  substance. 
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The  integral 


J 


'^p 


can  be  transformed  in  the  same  way.     If  we  put 

s=r^(oy^-i), 

where  the  integration  has  reference  only  to  the  portion  of  the 
space  'BTj  occupied  by  the  molecules^  we  obtain 

V    .2_9     S-2P-pP^ 

and  hence 

2     T  _,   p     1    S-2P-pP2 

Since,  according  to  our  supposition,  the  last  term  is  very  small, 
the  refractiv'e  power  is  nearly  constant,  namely 

M=^^ ^=P. 

P 
If  we  take  into  consideration  the  last  term  also,  the  refractive 
power  assumes  nearly  the  form 

where   Q  and  E  arc  two    positive    constants.     The  refractive 
power  therefore  diminishes  with  the  refractive  index. 
The  above  formula, 

■^.=o,{^+pn 

holds  good  for  mixtures  as  for  substances  in  general.  If  the 
densities  and  volumes  of  the  several  constituents  were  originally 
P]>  P'i'  Pa-  •  •  ^^^  ^u  ^2»  ^3 •  •  •  J  while  the  volume  of  the  mixture 

is  V,  the  constituents  possess  in  the  mixture  the  densities  p.—, 

p^~, . . .     The  constants  P^,  Pg, ...  of  the  constituents,  however, 

do  not  alter  with  the  density ;  thus  we  also  have 

Now  vp,  v^p^,  VciPq,  . . .  are  proportional  to  the  weights  of  the 
mixture  and  of  its  several  constituents;  we  thus  obtain,  if 
p,  pi,  Pq,  . . .  are  these  weights, 

pV=.p^?,+p^V._+... 
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In  a  similar  manner  we  also  obtain 

joQ=;?iQi+i?2Q2+  ••• 

pK=P]Ky  +;?2^2+  . . . 

The  present  theory  therefore  does  not  only  afford  an  expla- 
nation of  the  constancy  of  the  refractive  power  and  of  the  for- 
mula for  mixtures,  but  it  defines  these  laws  even  more  distinctly 
than  before,  and  in  particular  shows  that  the  refractive  power 
must  diminish  with  the  refractive  index:  this  is  fully  con- 
firemd  by  experiment.  And  these  results  may  suffice  us  on  this 
occasion ;  for  it  is  needless  to  enter  further  into  the  details  of 
experiment,  partly  because  it  is  self-evident  that  a  closer  agree- 
ment can  be  obtained  with  two  constants  than  with  one,  and 
partly  because  our  formulae  are  yet  only  approximately  true. 

In  conclusion,  it  will  not  be  uninteresting  to  see  how  the  various 
phenomena  of  light  instruct  us  as  to  the  internal  constitution  of 
material  bodies.  Double  refraction  indicates  to  us,  in  the  first 
place,  the  regular  stratification  of  crystals,  a  character  which  is 
also  revealed  by  their  external  properties.  The  thickness  of  the 
layers  cannot,  however,  be  deduced  from  double  refraction,  for 
this  would  not  cease  even  if  the  thickness  were  infinitely  small  j 
circular  polarization,  on  the  other  hand,  and  especially  the 
more  general  chromatic  dispersion,  prove  that  this  is  not  the 
case,  and  that  in  all  bodies,  the  elastic  fluids  scarcely  excepted, 
there  is  a  stratification  of  measurable  dimensions.  Circular 
polarization  further  indicates  a  want  of  symmetry  in  the  interior 
of  certain  crystals,  which  is  likewise  evidenced  by  their  external 
characters ;  and  the  rare  occurrence  of  this  kind  of  polarization 
teaches  us  that  such  a  want  of  symmetry  is  not  the  common 
case.  Finally,  the  refractive  power  indicates  that  the  limit  of 
the  periodicity  in  the  interior  of  bodies  is  on  one  side  of  a 
vacuum,  and  therefore  that  material  bodies  consist  of  separate 
transparent  molecules. 

LIL   On  Molecular  Physics.     By  Prof.  W.  A.  Norton. 

[Continued  from  p.  389.] 

Heat. 

THE  general  nature  of  heat,  and  the  general  cause  of  its  evolu- 
tion, have  already  been  considered  (p.  196).  According  to 
the  fundamental  ideas  presented,  heat  must  be  developed  when- 
ever the  electric  atmospheres  of  the  molecules  of  any  substance 
are  urged  into  closer  proximity  to  the  atoms  which  they  surround. 
Any  disturbance  of  the  equilibrium  of  the  particles  of  a  given 
mass,  or  any  change  in  the  relations  of  the  particles  of  any  body 
to  those  of  other  bodies,  which  may  have  the  effect  of  producing 
Phil.  Mag.  S.  4.  Vol.  28.  No.  191.  Dec.  1864.  2  F 
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this  compression  of  the  molecular  atmospheres,  should,  then,  be 
a  source  of  heat.  Thus  chemical  combination  of  two  particles 
in  which  they  are  drawn  into  close  union,  collision  of  bodies, 
external  pressui'e,  and  friction  are  different  sources  of  heat. 
The  disturbance  of  the  electric  equilibrium  of  contiguous  mole- 
cules may  also  give  rise  to  the  evolution  of  heat — by  reason  of 
the  increased  repulsion  exerted  by  the  excess  of  electric  aether 
accumulated  upon  certain  of  the  molecules,  or  upon  one  side  of 
them,  or  of  a  discharge  of  the  sether  occurring  from  one  molecule 
to  another. 

Propagation  of  Heat. — Primarily  the  heat-pulses  are  developed 
in  the  universal  aether  associated  with  the  atoms  of  bodies. 
These  pulses  may  be  conveyed  outward  through  the  universal 
aether  posited  between  the  atoms,  and  in  this  way  be  freely  trans- 
mitted through  substances ;  or  they  may  be  more  or  less  taken 
up  or  absorbed  by  the  electric  atmospheres  of  the  molecules  which 
they  encounter.  Such  absorbed  pulses  may  be  given  out  again 
or  radiated  in  their  original  form,  or  they  may  pass  on  to  conti- 
guous molecules  through  the  electric  sethcr  that  pervades  the  in- 
terval between  them.  It  is  probably  in  this  latter  mode  chiefly 
that  heat  is  conducted  from  particle  to  particle  of  a  substance, 
though  the  pulses  that  are  given  out  by  any  particle  to  the  sur- 
rounding universal  aether  may  be  in  part  propagated  onward, 
absorbed  by  the  particles  they  encounter,  and  partially  propa- 
gated onward  again  in  the  same  manner  to  the  next  particles. 

The  flow  of  heat  from  one  particle  to  another  of  a  substance 
tends  to  disturb  the  electric  condition  of  the  particles ;  for  the 
repulsive  action  of  the  heat-pulses  in  the  atmosphere  of  one 
particle  tends  to  urge  away  a  portion  of  the  electric  aether  from 
the  contiguous  side  of  the  next  particle  in  the  line  of  propaga- 
tion, and  so  to  induce  a  negative  electric  state  upon  that  side, 
and  a  positive  state  on  the  further  side.  This  disturbance  of  the 
electric  equilibrium  of  contiguous  molecules  may  give  rise  to  a 
discharge  of  the  electric  aether  from  the  one  to  the  other,  and  a 
consequent  more  ready  propagation  of  the  heat-pulses  from  the 
one  to  the  other.  Upon  this  idea  there  is  a  close  analogy 
between  the  conduction  of  heat  and  the  conduction  of  electricity 
in  the  galvanic  current,  both  depending  upon  the  facility  w4th 
which  an  electric  polarization  of  contiguous  particles  is  deter- 
mined. The  origin  of  this  propagated  polarization  in  the  one 
case  is  the  addition  of  repulsive  pulses  to  the  atmosphere  of  a 
molecule,  and  in  the  other  the  accumulation  of  an  excess  of  the 
repulsive  electric  aether  around  a  molecule  or  upon  one  side  of 
it.  A  confirmation  of  these  views  is  afforded  by  certain  pheno- 
mena of  thermo-electric  currents,  from  wbicli  it  appears  that  the 
conduction  of  heat  is  in  reality  attended  with  the  disturbance  of 
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the  electric  equilibrium*;  and  they  are  also  sustained  by  the 
fact  of  the  close  agreement  that  subsists  between  the  conducting- 
powers  of  the  metals  for  heat  and  electricity.  The  analogy 
between  the  conduction  of  heat  and  the  conduction  of  a  galvanic 
current  may  be  more  fully  stated  thus : — A  stream  of  heat  con- 
sists of  two  sets  of  pulses,  viz.  those  conveyed  by  the  electric 
sether,  and  those  conveyed  by  the  universal  sether ;  and  the  pro- 
pagation is  attended  with,  and  partly  by  means  of,  an  induced 
molecular  polarization.  The  pulses  propagated  by  the  electric 
sether  tend  to  develope  this  polarization,  which  determines  a 
discharge  of  sether  from  one  atmosphere  to  the  next.  But  the 
other  set  of  pulses,  in  proportion  as  they  are  taken  up  by  the 
nearer  side  of  the  next  atmosphere,  tend  to  weaken  the  induced 
polarization,  and  so  to  check  the  flow  of  the  heat.  A  galvanic 
current  comprises  two  similar  sets  of  pulses,  is  attended  and 
promoted  still  more  effectually  by  a  similar  molecular  polariza- 
tion ;  and  the  absorption  of  the  sethereal  pulses,  and  their  subse- 
quent emission  as  heat,  tends  to  check  the  flow  of  the  current. 

The  feeble  conducting-power  of  many  substances  is  probably 
due  to  an  aggregation  of  their  particles  in  groups,  with  large 
intervening  spaces.  The  bad  conductivity  of  gases  and  liquids, 
both  for  heat  and  galvanic  electricity,  agreeably  to  the  views  just 
offered,  must  be  ascribed  to  a  feeble  polarizing  action  of  one 
particle  upon  another.  This  appears  to  be  a  consequence  of 
the  peculiar  state  of  the  molecular  atmospheres  which  deter- 
mines the  fluid  condition  (p.  279),  combined  with  the  eff"ective 
mutual  repulsion  of  the  particles  in  this  condition.  In  the  case 
of  liquids  like  water,  whose  ultimate  molecules  are  compound, 
a  portion  of  the  heat  propagated  should  be  consumed  in  expand- 
ing the  compound  molecules. 

Capacity  of  Bodies  for  Heat. — The  fundamental  law  discovered 
by  Dulong  and  Petit,  that  the  specific  heats  of  elementary  sub- 
stances are  inversely  proportional  to  their  chemical  equivalents 
or  atomic  weights — or,  in  other  words,  that  the  atoms  of  such 
substances  have  the  same  capacity  for  heat — if  interpreted  in 
the  language  of  the  present  theory,  amounts  to  this,  viz.,  what- 
ever may  be  the  difi'erence  of  condition  of  the  molecular  atmo- 
spheres of  elementary  substances,  if  the  same  amount  of  heat  be 
imparted  to  these  atmospheres,  the  same  amount  will  be  given 
off  again  and  interchanged  with  surrounding  bodies  having  the 
same  temperature.  This  would  seem  to  imply  that  the  portion 
of  the  heat  absorbed,  which  is  consumed  in  expanding  the  atmo- 
sphere, is  the  same  for  different  simple  molecules,  and  that  the 
remaining  portion,  which  is  taken  up  as  new  pulses  by  the  atmo- 
sphere, is  also  the  same  for  molecules  of  different  elementary 
*  See  De  la  Rive's  Treatise  on  Electricity,  vol.  ii,  p.  536  &c. 
2P2 
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substances.  There  is  nothing  in  the  conception  we  have  formed 
of  a  molecule,  and  of  the  probable  difference  of  physical  condi- 
tion in  molecules  of  different  substances,  that  is  apparently  op- 
posed to  this  result. 

The  capacity  for  heat  of  compound  is  in  general  greater  than 
that  of  simple  molecules,  and  is  greater  in  proportion  as  the 
molecule  is  more  complex.  This  indicates  that  when  the  tem- 
perature is  raised  1°,  a  certain  portion  of  the  heat  is  expended 
in  urging  asunder  the  constituents  of  the  molecules,  and  that  this 
portion  is  greater  in  proportion  as  the  molecule  is  more  complex. 

Heat-rays  of  different  rates  of  vibration. — The  calorific  spec- 
trum shows  that  the  heat  emitted  from  a  hot  body  is  composed 
of  rays  of  an  infinite  variety  of  rates  of  vibration  between  certain 
limits.  The  physical  cause  of  this  fact  will  appear  if  we  reflect 
that  the  heat-rays  have  their  origin  in  the  vibrations  of  the 
atomettes  of  the  molecular  atmospheres,  and  that  these  are  situ- 
ated at  every  variety  of  distance  from  the  central  atoms,  between 
certain  limits.  For  the  circumstances  of  equilibrium  of  these 
atomettes  are  difierent,  and  their  rates  of  vibration  when  dis- 
placed should  be  different.  The  fact  that  the  most  intense  heat- 
rays,  in  ordinary  cases  of  combustion,  are  those  of  low  refrangibi- 
lity  and  the  phenomena  of  the  evolution  of  calorific  and  luminous 
rays  when  a  body  is  heated  to  incandescence,  indicate  that  the 
electric  atomettes  which  are  nearest  the  central  atoms  have  the 
lowest  rate  of  vibration. 

We  have  seen  that  the  expansive  action  of  heat  is  a  necessary 
consequence  of  the  fundamental  principle  that  the  heat-pulses 
constitute  a  repulsive  force,  and  that  they  are  absorbed,  more  or 
less,  by  the  molecular  atmospheres  which  they  encounter.  It 
may  be  urged  as  an  objection  to  the  notion  that  radiant  heat  is 
a  repulsive  force,  that  bodies  when  heated  do  not  exert  any 
sensible  repulsive  action  upon  other  contiguous  bodies.  We  are 
not  prepared  to  admit  that  experiment  has  furnished  no  evidence 
of  such  repulsive  action  under  any  circumstances ;  but  the  entire 
absence  of  such  action  upon  bodies  of  sensible  magnitude  would 
in  fact  be  no  decisive  proof  that  waves  of  radiant  heat  do  not 
convey  a  series  of  preponderating  repulsive  impulses;  for  if 
these  impulses  penetrate  to  the  atoms  of  the  molecules,  they 
should  be  ultimately  taken  up  by  their  atmospheres,  and  ex- 
pended as  an  expansive  force  upon  these  atmospheres,  and  in 
urging  the  molecules  asunder;  and  if  they  do  not  reach  the 
f  atoms,  no  motion  should  be  imparted  to  them.  Since  it  is  im- 
probable that  the  more  intense  impulses  of  heat  will  be  wholly 
absorbed  by  the  particles  immediately  at  the  surface  of  the  body 
upon  which  they  fall,  a  direct  repulsive  action  of  the  heat  may 
take  effect  to  a  certain  depth  below  the  surface.     Have  we  not 
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in  the  spheroidal  state  of  liquids  evidence  of  such  action  exerted 
by  the  radiant  heat  from  the  hot  vessel  upon  the  liquid  resting 
upon  its  interior  surface  ? 

It  is  only  when  the  heat-waves  impinge  upon  isolated  parti- 
cles, or  a  small  group  of  particles,  that  a  progressive  motion 
should  be  imparted.  This  supposition  is  apparently  realized  in 
the  case  of  cometary  matter  repelled  by  the  sun*. 

Light. 

The  question  of  the  precise  relation  which  the  two  physical 
agents,  light  and  heat,  bear  to  each  other,  has  not  been  defini- 
tively settled;  but  the  weight  of  evidence  preponderates  very 
decidedly  in  favour  of  the  doctrine  of  their  essential  identity. 
The  only  "  formidable  outstanding  objection  "  to  this  view  con- 
sists in  the  fact  that  a  strong  light  may  be  obtained  which  has 
little,  if  any,  heating  powerf.  According  to  Melloni,  the  green- 
ish light  obtained  by  transmission  of  white  light  through  a 
peculiar  species  of  green  glass  coloured  by  oxide  of  copper, 
"  exhibits  no  calorific  action  capable  of  being  rendei'ed  perceptible 
by  the  most  delicate  thermoscopes,  even  when  it  is  so  concen- 
trated by  lenses  as  to  rival  the  direct  raysof  the  sun  in  brilliancy." 
May  it  not  be  that  the  explanation  of  the  possible  existence  of 
light  without  heat,  thus  made  out,  is  to  be  found  in  the  presence, 
in  the  luminous  beam,  of  a  certain  number  of  radiations  which 
have  individually  too  feeble  an  intensity  to  exercise  any  calorific 
action  upon  bodies,  but  are  still  capable  of  producing  a  sensible 
impression  upon  the  organ  of  vision  ?  Upon  the  theory  of  the 
constitution  of  molecules  adopted  in  the  present  paper,  we  may 
suppose  that  vision  results  from  some  action  of  the  luminous 
pulses  upon  the  molecular  atmospheres  merely,  while  heat-expan- 
sion is  not  produced  miless  the  individual  pulses  have  sufficient 
intensity  to  penetrate  to  the  surface  of  the  central  atoms  of  the 
molecules.  According  to  this  idea,  as  rays  that  penetrate  to 
different  depths  in  the  molecular  atmospheres  of  a  medium 
should  be  unequally  absorbed,  the  rays  of  feeble  intensity  or  of 
pure  light  may  be  separated  from  those  which,  by  reason  of  their 

*  In  the  article  by  the  author,  "  On  the  Theoretical  Determination  of 
the  Dimensions  of  Donati's  Comet"  (see  Silliman's  Journal,  vol.  xxxii. 
No.  94.  p.  54,  &c.),  it  is  established  by  rigorous  calculation  that  the  par- 
ticles of  matter  disseminated  over  the  breadth  of  the  tail  of  the  comet  were 
exposed  to  a  force  of  repulsion  from  the  sun,  of  various  degrees  of  inten- 
sity, between  two  ascertained  limits.  In  the  light  of  the  theoretical  views 
now  offered,  we  must  conclude  that  the  matter  thus  unequally  repelled 
consisted  of  particles  of  different  sizes,  or  different  absorptive  powers  for 
heat,  or  of  different-sized  groups  of  particles. 

t  See  Report  of  Rev.  Baden  Powell,  M.A.,  F.R.S.,  for  1854,  on  Radiant 
Heat,  published  in  the  Smithsonian  Report  for  1859,  p.  368. 
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greater  intensity,  are  capable  of  penetrating  to  the  atoms  of 
the  medium  and  exercising  a  calorific  action  upon  them. 

It  is  generally  admitted  that  vision  is  produced  by  the  trans- 
verse vibrations  of  the  rays  of  light.  The  fact  that  when  two 
rays  of  heat,  polarized  in  perpendicular  planes,  meet  in  opposite 
states  of  vibration  they  do  not  neutralize  each  other,  has  been 
generally  regarded  as  an  indication  that  the  calorific  action  of  a 
ray  must  also  result  from  transverse  vibrations ;  but  this  does 
not  appear  to  be  a  legitimate  conclusion,  if  we  adopt  Professor 
Challis^s  theory,  that  the  luminiferous  aether  is  a  highly  elastic 
fluid,  having  the  same  properties  as  elastic  fluids  in  general,  and 
that  the  sethcreal  undulations  consist  of  simultaneous  longitudinal 
and  transverse  vibrations,  attended  with  variations  in  the  density 
of  the  medium,  as  in  the  case  of  waves  of  sound.  For  if  trans- 
verse vibrations,  in  perpendicular  planes,  meet  in  opposite  states 
they  cannot  neutralize  each  other,  and  must  develope  direct  vibra- 
tions, which  will  take  the  place  of  those  which  counteract  each 
other  and  will  exert  a  calorific  action.  In  fact  Prof.  Challis  con- 
ceives that  '*heat  is  the  result  of  the  mechanical  action  of  the  direct 
vibrations;"  while  "light  is  due  to  the  transverse  vibrations." 

The  intimate  association  of  heat  and  light  leads  to  the  infer- 
ence that  they  emanate  from  the  same  source,  viz.  the  mole- 
cular atmospheres  of  bodies ;  and  if,  as  has  been  intimated,  the 
two  emanations  are  essentially  the  same,  we  infer  that  rays  of 
light  as  well  as  of  heat  originate  in  vibratory  movements  of 
the  atomettes  of  these  atmospheres.  The  atomettes  lying  at 
difi'crent  distances  from  the  central  atom  of  a  molecule  will  have 
different  rates  of  vibration,  increasing  with  the  distance ;  and  so 
the  waves  proceeding  from  them  will  have  every  variety  of  pul- 
sation between  the  lowest  limit,  answering  to  the  bottom,  and 
the  highest,  answering  to  the  top  of  a  molecular  atmosphere. 
Accordingly  the  red  rays  will  proceed  from  the  lower  portions 
of  the  atmosphere,  and  the  violet  from  more  elevated  portions. 

If  the  electric  atmospheres  diminish  in  density  by  insensible 
degrees  fi'om  bottom  to  top,  there  should  be  no  break  in  the  con- 
tinuity of  the  rays  between  the  two  extremes.  But  we  know, 
from  the  existence  of  bright  bands  in  the  spectra  obtained  from 
coloured  flames  and  from  the  highly  heated  vapours  of  metals 
and  other  substances,  that  the  rates  of  vibration  of  the  luminous 
rays  given  ofi"  by  incandescent  vapoui-s  seldom,  if  ever,  vary  by 
insensible  degrees  from  one  extreme  to  the  other.  We  must 
conclude  therefore  that  the  electric  atmospheres  of  highly  heated 
moleculcB  are  made  up  of  distinct  layers  of  unequal  density. 

Phenomena  attending  the  propagation  of  light. — The  absorp- 
tion of  light  by  a  medium  may  be  regarded  as  the  taking  up  of 
the  sethereal  pulses  by  the  electric  atmospheres  of  the  medium. 
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In  order  that  a  ray  may  be  completely  absorbed,  it  must  en- 
counter a  layer  of  the  electric  atmosphere  of  a  molecule  which 
pulsates  naturally  in  unison  with  the  wave-pulsation  of  the  ray. 
The  absorbing  action  of  a  molecule  should  therefore  depend  upon 
the  physical  condition  of  its  atmosphere  as  to  rates  of  pulsation, 
density,  &c.,  and  also  u])on  the  comparative  extent  of  its  electric 
and  sethereal  atmospheres.  For  example,  a  medium  would  per- 
mit the  free  passage  of  any  ray  that  did  not  penetrate  to  the 
surface  of  the  electric  atmospheres  of  its  molecules.  On  the 
other  hand,  a  medium  would  intercept  rays  that  should  pene- 
trate to  atmospheric  layers  that  are  in  unison  with  the  rays. 
Accordingly,  if  an  incandescent  vapour  should  emit  rays  of  cer- 
tain colours,  as  shown  by  bright  bands  in  its  spectrum,  those 
colours,  if  transmitted  through  the  vapours,  should  be  absorbed, 
and  the  spectrum  given  by  transmitted  light  should  show  dark 
lines  answering  to  the  bright  lines  of  the  other  spectrum — which 
is  the  well-known  discovery  of  KirchhofF  and  Bunsen. 

According  to  the  theory  of  crystallization  presented  on  p.  384 
&c.,  in  all  the  systems  of  crystallization  in  which  the  axes  of 
molecular  attraction  are  unequal,  the  electric  atmospheres  of  the 
molecules  are  compressed  unequally  in  the  lines  of  direction  of 
these  axes.  Now,  if  these  atmospheres  are  compressed  unequally, 
the  same  will  be  true  of  the  sethereal  atmospheres  which  pervade 
them.  Thus  in  all  forms  of  crystals  which  have  unequal  axes, 
the  sethereal  atmospheres  of  its  separate  particles  will  have  un- 
equal densities  in  the  directions  of  the  molecular  axes.  It  is 
well  known  that  all  such  crystals  have  the  property  of  double 
refraction,  and  that  this  property  is  attributed  to  a  supposed  in- 
equality of  density  or  of  elasticity  of  the  sether  in  the  direction 
of  certain  molecular  axes.  A  mechanical  pressure  exerted  along 
a  certain  line  or  plane  also  developes  the  property  of  double 
refraction  in  ordinary  refracting  media;  and  such  compression 
should  give  rise  to  an  increased  density  of  the  ^ethereal  atmo- 
spheres along  the  line  of  pressure.  Accordingly  our  general 
theory  of  the  constitution  of  molecules  and  of  molecular  forces 
conducts  to  the  physical  basis  assumed,  in  the  undulatory  theory 
of  light,  in  explanation  of  double  refraction. 

The  phenomenon  of  "  atomic  circular  polarization  "  by  liquids, 
discovered  by  Biot,  who  established  that  the  eflfect  depended 
solely  upon  the  number  of  atoms  encountered  by  the  light,  what- 
ever may  be  the  density  of  the  medium — and  the  phenomenon 
of  "  magnetic  circular  polarization,^^  in  which  the  direction  of 
rotation  of  the  plane  of  polarization  corresponds  with  that  of 
the  revolution  of  the  circular  magnetic  currents — are  decided  in- 
dications that  optical  phenomena  result  mainly  from  the  action  of 
the  atmospheres  of  molecules  upon  the  rays  of  light.     Nume- 
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rous  factSj  which  go  to  show  that  the  absorptive  action  of  media 
upon  light  and  heat  depends  in  a  great  degree  upon  the  physical 
constitution  of  the  separate  molecules,  confirm  this  conclusion. 

The  general  phenomena  and  laws  of  reflexion,  refraction, 
polarization,  diffraction,  &c.,  should  obtain  upon  this  supposi- 
tion no  less  than  upon  the  conception  that  the  phenomena  are 
to  be  referred  to  the  interstitial  aether.  It  remains  to  be  seen 
whether  the  theorems  and  formulae  deduced  by  Fresnel  and 
other  physicists  from  the  undulatory  theory  of  light,  can  be 
shown  to  be  substantially  in  accordance  with  this  notion  of 
molecular  actions. 

Note. — Objections  to  the  theoretical  views  offered  in  the  pre- 
ceding pages  will  readily  occur  to  the  scientific  reader ;  but  it 
does  not  comport  with  the  design  of  the  present  communication 
to  anticipate  objections,  or  to  attempt  to  enforce  the  general 
conclusions  deduced  from  the  fundamental  positions  taken  by- 
appeals  to  special  facts.  We  must  be  content  for  the  present  to 
rest  our  conclusions  mainly  upon  general  considerations.  A 
connected  view  of  the  whole  ground  to  be  surveyed  is  almost  a 
necessary  preliminary  to  the  many  detailed  investigations  that 
must  be  undertaken  before  the  theory  can  be  established  on  a 
firm  foundation. 

It  will  be  perceived  that  the  most  characteristic  feature  of  the 
general  theory  under  discussion  is  that  it  locates  the  source  of 
physical  phenomena  in  the  atmospheres  of  molecules,  instead  of 
in  the  atoms  or  in  the  interstitial  aether.  In  pursuing  our  de- 
ductions into  other  departments  of  physics,  other  general  con- 
ceptions have  been  reached,  some  of  which  it  may  be  advisable 
to  state  here,  as  circumstances  may  delay  somewhat  the  publi- 
cation of  the  remainder  of  the  article. 

1.  An  electric  current  (hydro-electric  or  thermo-electric)  has 
its  origin  in  the  opposite  polarization  of  the  adjacent  sides  of 
contiguous  molecules,  developed  by  the  play  of  the  molecular 
forces,  under  special  circumstances,  or  by  an  inequality  in  the 
action  of  the  pulses  of  heat  upon  the  atmospheres  of  the  mole- 
cules. The  current  consists  of  an  actual  flow  of  electric  aether 
from  molecule  to  molecule,  determined  by  a  previous  electric 
polarization  propagated  from  that  which  is  the  source  of  the 
current.  There  are  also  conveyed,  in  the  direction  of  the  posi- 
tive current,  streams  of  impulses,  both  by  the  electric  and  uni- 
versal aether,  which,  by  a  partial  lateral  dispersion,  produce  the 
magnetic  efi'ects  of  the  current. 

2.  The  mutual  attractions  or  repulsions  exerted  between  two 
electric  currents  may  be  ascribed  to  a  change  in  the  tension  of 
the  aether  between  the  wires,  produced  by  the  lateral  actions  of 
the  currents. 
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3.  Induction-currents  result  from  an  electric  polarization  of  the 
molecules,  suddenly  induced  by  the  same  lateral  action  of  a 
primary  current  when  first  established,  or  by  the  increased 
action  of  a  previous  electric  or  magnetic  current — or  suddenly 
vanishing  when  the  current  is  broken,  or  the  force  of  action 
decreases.  The  polarization  in  the  first  instance  is  the  opposite 
to  that  which  prevails  in  the  primary  current,  owing  to  the 
indirect  nature  of  the  inducing  action. 

4.  The  circular  currents  of  a  magnet  consist  of  electric  currents 
that  follow  continuous  chains  of  particles  lying  in  the  surface  of 
the  compound  molecules  of  the  magnet.  These  currents  have 
their  origin  in  an  electric  polarization  of  the  particles,  developed 
by  a  direct  action  of  the  impulses  propagated  from  the  exciting 
current.  In  permanent  magnets  the  polarization  thus  originated 
becomes  permanently  established,  and  a  permanent  current 
remains  as  a  necessary  consequence  of  the  play  of  the  molecular 
forces  in  the  chain.  A  magnet  therefore  derives  its  power  directly 
from  the  inexhaustible  primary  forces  of  attraction  and  repulsion, 
and  must  retain  its  virtue  unimpaired  until  the  chain  of  mole- 
cules is  broken  by  heat,  or  the  excited  molecular  conditions  upon 
which  the  currents  depend  are  removed  by  some  external  cause. 

5.  Terrestrial  magnetism  is  due  to  electric  currents  in  the  mass 
of  the  earth  running  in  the  general  direction  from  east  to  west, 
and  developed  by  the  collision  of  the  molecules  with  the  sether 
of  space.  Both  the  rotatory  and  orbital  motion  of  the  earth  are 
concerned  in  producing  these  currents.  A  part  of  the  force  of 
such  currents  must  be  converted  into  heat,  and  the  earth  derive 
a  portion  of  its  heat  from  this  source.  If  this  be  true,  the 
remarkable  formal  relations  that  subsist  between  the  magnetism 
and  heat  of  the  earth  are  probably  the  result  in  a  great  degree 
of  this  physical  bond  by  which  the  two  principles  are  partially 
united.  (See  the  investigation,  by  the  author,  of  these  relations, 
in  an  article  on  Terrestrial  Magnetism,  published  in  vol.  iv. 
second  series,  of  Silliman's  Journal.) 

This  theory  of  the  origin  of  terresti'ial  magnetism,  as  a  part  of 
the  general  theory  of  molecular  physics  here  presented,  was 
brought  by  the  author  to  the  notice  of  the  Connecticut  Academy 
about  two  years  since.  It  appears  from  a  pamphlet  recently 
received  by  the  editors  of  Silliman's  Journal,  that  a  theory  quite 
similar  to  this  was  propounded  several  years  since  by  Gustav 
Hinrichs  of  Copenhagen.  Hinrich's  theory,  or  one  having  the 
same  essential  features,  I  find  is  advocated  by  Prof.  Challis  in 
the  Number  of  the  Philosophical  Magazine  published  in  Fe- 
bruary 1861. 
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LIII.   On  some  curious  Effects  of  the  Molecular  Forces  oj 
Liquids.    Bj/  G.  Vander  Mensbrugghe*. 

1.  Formation  of  liquid  bubbles  in  a  peculiar  condition. 

IN  meteorology  the  question  as  to  the  state  of  the  vapour  in 
mists  is  far  from  being  definitively  solved;  the  hypothesis  of 
vesicles,  although  strongly  opposed,  is  not  yet  disproved.  It  is 
weW  known  that  one  of  the  principal  arguments  against  this  hypo- 
thesis is,  that  the  mode  of  formation  of  these  vesicles  is  inconceiv- 
able. We  are  now  acquainted,  however,  with  an  interesting  fact 
which  shows  that  a  liquid  film,  unclosed  and  of  any  curvature,  may 
take  the  form  of  a  hollow  sphere.  This  experiment  has,  in  fact, 
been  described  by  M.  Felix  Plateau f,  son  of  the  illustrious  phy- 
sicist. The  author  operated,  however,  on  soap-water  solely ;  so 
that  it  might  be  urged  that  his  results  do  not,  strictly  considered, 
apply  to  pure  water.  Thanks  to  special  circumstances,  however, 
I  have  been  able  to  prove  that  pure  water  comports  itself  in  this 
respect  almost  like  soap-water.  I  observed  it  in  the  following 
manner. 

Having  thrown  from  a  window,  12  metres  above  the  ground, 
some  pure  water  contained  in  a  cup,  I  noticed  that  the  sheet  of 
liquid  became  transformed  into  hollow  spheres  whose  greatest 
diameters  were  about  4  centimetres  in  length ;  after  a  fall  of 
from  8  to  10  metres  the  bubbles  burst,  and  became  scattered 
into  innumerable  droplets. 

I  reproduced  the  phenomenon  a  great  many  times,  with  dis- 
tilled water,  by  taking  vessels  of  different  forms  and  changing 
the  mode  of  projection ;  I  succeeded  almost  invariably,  though 
the  bubbles  varied  greatly  in  number  and  diameter ;  the  greatest 
diameter,  however,  did  not  exceed  5  or  6  centimetres.  The 
resolution  of  the  liquid  sheet  into  hollow  spheres  was  effected 
with  greater  rapidity  the  narrower  the  sheet  and  the  greater  its 
curvature.  This  peculiarity,  it  may  be  observed,  is  easily  ex- 
plained ;  for  the  molecular  pressure,  directed  towards  the  con- 
cave part  of  the  sheet,  must  necessarily  increase  with  the  curva- 
ture of  the  liquid  surface. 

The  best  results  may  be  obtained  thus  : — A  cup,  about  10  cen- 
timetres broad  and  three-quarters  full,  being  taken,  the  water  is 
projected,  with  moderate  velocity,  by  moving  the  hand  from 
left  to  right  (for  example),  in  order  that  the  bubbles  which  are 
formed  may  not  mutually  prevent  themselves  from  being  seen. 
The  operator  must  place  himself  at  least  6  metres  above  the 

*  From  the  Bulletins  de  I'Acad.  Roy.  de  Belgique,  ser.  2.  vol.  xviii.  No.  8. 

t  "  Sur  un  mode  particulier  de  jDioduction  de  biilles  de  savon,"  Bull,  de 
VAcad.  de  Belgique,  ser.  2.  vol.  xiii.  p.  286.  [Phil.  Mag.  S.  4.  vol.  xxvi. 
p.  407.] 


On  some  curious  Effects  of  the  Molecular  Forces  of  Liquids.    435 

ground;  for  otherwise  either  the  liquid  sheet  will  not  have 
time  to  resolve  itself  into  hollow  spheres,  or,  should  these 
spheres  be  produced,  it  will  be  found  impossible  to  observe 
them  and  to  notice  their  rupture. 

This  experiment  fully  confirms  the  conclusion  arrived  at  by 
M.  Felix  Plateau,  according  to  whom  the  simultaneous  agglo- 
meration of  liquid  molecules  into  perfectly  closed  envelopes 
cannot  be  regarded  as  a  necessary  condition  of  the  formation  of 
vesicles ;  the  admission  of  the  generation  of  unclosed  films  of  any 
curvature  whatever  will  suffice — a  generation  which  assuredly 
involves  no  impossibility.  Without  doubt  the  question  of  the 
duration  of  the  bubbles  remains  to  be  resolved.  The  larger 
ones,  it  is  true,  burst  in  less  than  a  second ;  but  do  the  smaller 
spherules  likewise  do  so  ?  I  have  not  been  able  to  establish  this 
point,  in  consequence  of  the  difficulty  of  judging  whether  these 
small  spheres  are  full  or  empty — a  difficulty  which  is  increased 
by  the  circumstance  that  the  envelope  is  much  thicker  than  that 
of  the  bubbles  of  soap-water. 

Apart  from  the  meteorological  question,  the  application  of 
the  procedure  above  described  to  different  kinds  of  liquid  ap- 
peared to  me  to  possess  some  interest.  I  first  tried  soap-water, 
and  thus  found  that  although  bubbles  form  themselves  very 
well,  their  diameters  are  not  great;  and  moreover  they  burst 
as  rapidly  as  when  pure  water  is  employed.  If  these  results 
differ  from  those  described  by  M.  Felix  Plateau,  it  is  merely 
because,  instead  of  turning  rapidly  round  on  projecting  the 
liquid,  I  simply  threw  it  with  a  relatively  moderate  velocity,  so 
that  the  sheet  was  much  less  broad,  and  much  thicker.  I  tried 
also  a  very  great  velocity,  so  as  to  render  the  sheet  very  thin, 
and  I  then  obtained  a  very  great  number  of  small  spheres 
accompanied  by  some  very  light  bubbles  more  or  less  large  and 
pretty  durable ;  I  even  succeeded,  by  rapidly  projecting  a  con- 
centrated solution  of  soap  (qui  s'etait  prise  en  gelee),  in  pro- 
ducing three  bubbles,  the  largest  of  which  had  a  diameter  of 
at  least  25  centimetres,  whilst  that  of  the  two  others  amounted 
to  about  8  or  10;  all  three  had  a  duration  of  about  half  a 
minute. 

My  method  succeeds  very  well  with  alcohol,  though  the  bub- 
bles burst  very  quickly.  Amongst  the  volatile  oils,  I  operated 
with  success  upon  oil  of  turpentine,  and  especially  so  upon  petro- 
leum oil.  With  heavy  oils  (of  which  I  only  tried  olive  oil)  the 
experiment  is  a  little  less  successful :  the  bubbles  which  are 
formed  are  very  small,  in  consequence  of  the  liquid  being  pre- 
vented by  its  own  viscosity  from  expanding  into  a  broad  sheet. 
Lastly,  I  obtained  good  results  with  several  saline  solutions. 

I  have  not  tried  mercury.    It  appeared  to  me,  in  fact,  scarcely 
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necessary  to  do  so,  since  the  pretty  experiment  of  M.  Melsens*, 
in  which  bubbles  of  mercury  are  produced  by  employing,  it  is 
true,  a  very  different  method,  has  long  been  known. 

When  a  large  quantity  of  liquid  is  operated  upon,  it  may 
easily  be  made  to  take  the  form  of  a  sheet  with  determinate  cur- 
vatui'C.  To  do  so,  it  is  merely  necessary  to  propel  it  by  a  force- 
pump  thi'ough  tubes  provided  with  suitable  terminations.  To 
apply  this  method  I  had  two  such  terminations  constructed; 
the  form  of  one  was  a  semicylindrical  canal,  and  that  of  the 
other  a  semiconical  one.  The  length  of  the  canal  was  about 
50  millimetres,  and  the  section  of  efflux  was  the  space  enclosed 
between  two  concentric  semicircles  whose  radii  were  20  and 
17  millimetres  respectively.  I  used  both  well-water  and  soap- 
water.  The  semicylindrical  termination  gave,  with  well-water, 
a  multitude  of  bubbles,  from  3  to  4  centimetres  in  diameter, 
which  burst  after  a  trajectory  of  some  metres ;  and  with  soap- 
water,  a  great  number  of  hollow  bubbles  which  floated  in  the  air. 
The  semiconical  termination  produced,  with  ordinary  water,  a 
sheet  which  gradually  became  broader  and  thinner  until  it 
resolved  itself  into  a  shower  of  hollow  bubbles  which  burst  a  few 
instants  after  their  formation;  with  soap-water  innumerable 
spherules  were  thus  formed,  of  which  a  great  number  had  very 
thin  envelopes. 

I  also  employed  terminations  narrower  than  3  millimetres, 
but  they  yielded  results  much  less  developed  than  were  the  pre- 
ceding ones. 

On  the  whole,  these  experiments  appeared  to  me  to  prove  that 
the  majority  of  liquids,  if  not  all,  after  being  spread  out  in  sheets 
of  proper  breadth  and  thickness,  may  assume  the  form  of  hollow 
spheres. 

2.  Floating  globules  of  mercury. — Attractions  and  repulsions 
exhibited  by  these  globules. 

For  some  time  past  physicists  have  been  frequently  occupied 
with  the  examination  of  the  globular  form  assumed  by  a  liquid, 
even  at  ordinary  temperatures,  at  the  surface  of  the  same  or  of  a 
different  liquid.  The  communication  of  an  experiment  which  I 
believe  to  be  new,  and  which,  whilst  showing  in  a  remarkable 
manner  the  effects  of  the  molecular  actions  of  hquids,  also  fur- 
nishes the  means  of  proving  capillary  attractions  and  repulsions, 
will  therefore  be  here  not  out  of  place.     I  operated  thus  : 

A  broad  capsule  being  filled  with  distilled  water,  a  globule  of 

mercury,  of  about  0*5  of  a  millimetre  in  diameter,  was  taken  on 

the  blade  of  a  knife  and  brought  into  proximity  with  the  liquid, 

the  blade  being  inclined  as  little  as  possible.     The  latter  was 

*  See  Ulnstitut  for  1845,  p.  207. 
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then  turned  very  gently  around  its  sharp  edge  so  as  to  put  the 
globule,  placed  very  near  this  edge,  into  contact  with  the  water. 
This  contact  established,  the  knife  was  carefully  withdrawn,  and 
the  globule  of  mercury  left  floating  on  the  sui'face  of  a  liquid 
thirteen  and  a  half  times  less  dense  than  itself. 

This  phenomenon  suggests  several  remarks.  In  the  first  place, 
why  is  the  globule  not  made  wet  by  the  liquid  ?  The  fact  is 
due,  I  believe,  to  the  layer  of  air  condensed  at  the  surface  of  the 
globule:  this  explanation  appears  to  be  the  more  probable, 
since  I  was  able  to  make  the  globule  float  immediately  after  it 
had  remained  immersed  in  the  water  for  more  than  a  quarter  of 
an  hour,  though  not  after  it  had  been  submerged  for  an  hour  or 
upwards ;  the  layer  of  air  in  the  latter  case  had  been  displaced, 
or  at  least  partially  so.  In  the  second  place,  it  may  be  asked, 
will  it  suffice,  in  explaining  the  present  phenomenon,  to  say  that 
the  weight  of  the  mercurial  globule  is  equal  to  that  of  the  dis- 
placed water,  the  depression  formed  around  the  mercury  being, 
of  course,  included  ?  Must  we  not  take  into  account  the  fact 
that,  the  water  being  concave  immediately  beneath  the  globule, 
the  capillary  pressure  there  must  be  less  than  at  surrounding 
points  ?  or  does  there  come  into  play  in  this  case  a  special 
effect  of  cohesion,  for  instance  a  resistance  opposed  by  the  sur- 
rounding liquid  to  the  deformation  of  its  surface  ?  I  have  made 
a  great  number  of  experiments  and  calculations  in  order  to  elu- 
cidate these  questions  decisively,  but  up  to  the  present  time  I 
have  not  been  successful. 

As  already  remarked,  the  experiment  above  described  furnishes 
a  very  convenient  method  of  showing,  clearly,  capillary  attractions 
and  repulsions.  In  fact  at  the  moment  of  withdrawing  the 
blade  of  the  penknife,  the  globule  of  mercury  is  seen  to  suffer  a 
quick  repulsion.  This  is  evidently  a  capillary  effect  due  to  the 
elevation  of  the  water  along  the  blade,  and  to  the  depression  of 
this  liquid  around  the  mercury.  The  sides  of  the  capsule  also 
exert  an  energetic  repulsion.  To  prove  attraction,  I  endeavoured 
to  make  two  globules  float  in  such  a  manner  that,  when  still, 
their  distance  asunder  might  be  about  20  millimetres.  In  a  few 
moments  they  moved  towards  each  other  with  a  velocity  which, 
from  being  very  small  at  first,  increased  rapidly  as  the  distance 
between  them  diminished.  Immediately  after  contact  the  two 
globules  united  and  formed  one,  the  layer  of  air  adhering  to  each 
of  them  having  been  so  far  displaced  by  the  shock  as  to  allow 
cohesion  to  produce  its  effect.  This  union  of  the  globules  does 
not  readily  take  place  unless  the  mercury  is  sufficiently  pure^ 
and  the  surface  of  the  water  free  from  small  filaments  and  cor- 
puscles ;  for  the  latter  interfere  considerably  with  the  capillary 
actions,  and  render  the  distance  between  the  mercurial  surfaces 
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in  question  sufficiently  great  to  prevent  the  manifestation  of 
molecular  attraction. 

An  interest  is  given  to  these  experiments  by  the  fact  that 
capillary  actions  make  themselves  felt  therein  at  far  greater  dis- 
tances (20  millims.  to  25  millims.)  than  with  the  bodies  usually 
employed  in  order  to  exhibit  these  actions  in  physical  lectures. 
I  may  add  that,  in  spite  of  the  smallness  of  the  masses  which 
act  upon  one  another,  all  these  movements  may  be  followed  with 
the  greatest  facility,  in  consequence  of  the  large  quantity  of 
light  reflected  by  the  non-submerged  zones. 

The  effect  of  the  cohesion  between  two  spherules  in  juxta- 
position enabled  me  to  increase  gradually  the  volume  of  the 
initial  globule.  For  this  purpose,  it  was  merely  necessary  to 
float  successively  several  very  small  spherules,  which  ultimately 
all  united  themselves  to  the  first  globule.  I  was  thus  enabled 
to  seek  experimentally  the  maximum  diameter  of  a  sphere  able  to 
maintain  itself  at  the  surface  of  distilled  water.  I  found  it  to  be 
very  nearly  0*87  of  a  millimetre.  With  well-water,  I  found 
the  maximum  diameter  to  be  about  1  millimetre. 

I  also  tried  to  make  droplets  of  mercury  float  on  olive  oil, 
and  succeeded  perfectly ;  the  globules,  however,  had  at  most  a 
diameter  of  a  third  of  a  millimetre. 

These  experiments  suggested  the  idea  of  floating  small  solid 
spheres  of  great  density.  To  cite  one  case  only,  a  spherule  of 
platinum  0'3  to  04  of  a  millimetre  in  diameter,  was  easily  made 
to  float  on  the  surface  of  water. 

In  the  last  place  I  submitted  several  saline  solutions  to  expe- 
riment ;  amongst  others,  solutions  of  chloride  of  sodium,  nitrate 
of  barytes,  and  carbonate  of  soda.  It  appeared  to  me  that  the 
maximum  diameter  increased  at  first  with  the  degree  of  concen- 
tration, but  that  this  augmentation  had  a  limit,  beyond  which 
the  maximum  diameter  diminished.  I  propose,  however,  to 
examine  this  point  more  closely  on  some  future  occasion. 


LIV.  The  Bakerian  Lecture. — Contributions  to  Molecular  Physics. 
Being  the  Fifth  Memoir  of  Researches  on  Radiant  Heat.  By 
John  Tyndall,  F.R.S.,  ^c* 

§  I.  Preliminary  considerations. — Description  of  apparatus. 

THE    natural  philosophy  of  the   future   must,    I    imagine, 
mainly    consist    in   the    investigation    of   the    relations 
which  subsist  between  the  ordinary  matter  of  the  universe  and 

*  From  the  Philosophical  Transactious,  Part  II.  1864,  having  been  read 
at  the  Royal  Society  March  17,  1864. 
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the  aether  in  which  this  matter  is  immersed.  Regarding  the 
motions  of  the  aether  itself,  as  illustrated  by  the  phenomena  of 
reflexion,  refraction,  interference,  and  diffraction,  the  optical 
investigations  of  the  last  half  century  have  left  nothing  to  be 
desired ;  but  as  regards  the  atoms  and  molecules,  whence  issue 
the  undulations  of  light  and  heat,  and  their  relations  to  the 
medium  which  they  move,  and  by  which  they  are  set  in  motion, 
these  investigations  teach  us  nothing.  To  come  closer  to  the 
origin  of  the  sethereal  waves — to  get,  if  possible,  some  experi- 
mental hold  of  the  oscillating  atoms  themselves — has  been  the 
main  object  of  the  researches  in  which  I  have  been  engaged  for 
the  last  five  years.  In  these  researches  radiant  heat  has  been 
used  as  an  instrument  for  exploring  molecular  condition,  and 
this  is  the  object  which  I  have  kept  constantly  in  view  throughout 
the  investigation  which  I  have  now  the  honour  to  submit  to  the 
Royal  Society. 

The  first  part  of  these  researches  is  devoted  to  the  more  com- 
plete examination  of  a  subject  which  was  briefly  touched  upon 
at  the  conclusion  of  my  fourth  memoir — namely,  the  action  of 
liquids,  as  compared  with  that  of  their  vapours,  upon  radiant 
heat.  The  differences  which  exist  between  diff'erent  gaseous 
molecules,  as  regards  their  power  of  emitting  and  absorbing 
radiant  heat,  have  been  already  amply  illustrated.  When  a  gas 
is  condensed  to  a  liquid,  the  molecules  approach  and  grapple 
with  each  other  by  forces  which  are  insensible  as  long  as  the 
gaseous  state  is  maintained.  But  though  thus  condensed  and 
enthralled,  the  aether  still  surrounds  the  molecules.  If,  then, 
the  powers  of  radiation  and  absorption  depend  upon  them  indi- 
vidually, we  may  expect  that  the  deportment  towards  radiant 
heat  which  experiment  establishes  in  the  case  of  the  free  mole- 
cule, will  maintain  itself  after  the  molecule  has  relinquished  its 
freedom  and  formed  part  of  a  liquid.  If,  on  the  other  hand,  the 
state  of  aggregation  be  of  paramount  importance,  we  may  expect 
to  find  on  the  part  of  liquids  a  deportment  altogether  different 
from  that  of  their  vapours. 

Melloni,  it  is  well  known,  examined  the  diathermancy  of 
various  liquids,  but  he  employed  for  this  purpose  the  flame  of 
an  oil-lamp,  covered  by  a  glass  chimney.  His  liquids,  moreover, 
were  contained  in  glass  cells ;  hence  the  radiation  from  the  source 
was  profoundly  modified  before  it  entered  the  liquid  at  all,  for 
the  glass  was  impervious  to  a  considerable  part  of  the  radiation. 
It  was  my  wish  to  interfere  as  little  as  possible  with  the  primi- 
tive emission,  and  also  to  compare  the  action  of  liquids  with  that 
of  their  vapours,  when  examined  in  a  tube  stopped  with  plates 
of  rock-salt.  I  therefore  devised  an  apparatus  in  which  a  layer 
of  liquid  of  any  thickness  could  be  enclosed  between  two  polished 
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plates  of  rock-salt.  It  was  skilfully  constructed  for  me  by  Mr. 
Becker,  and  the  same  two  plates  have  already  done  service  in 
more  than  six  hundred  experiments. 

The  apparatus  consists  of  the  following  parts : — AB  C  (fig.  1) 
is  a  plate  of  brass,  3*4  inches  long,  3'1  inches  wide,  and  0*3  of 


Prof.  Tyndall^s  Contributions  to  Molecular  Physics.       441 

an  inch  thick.  Into  it,  at  its  comers,  are  rigidly  fixed  four 
upright  pillars,  furnished  at  the  top  with  screws,  for  the  recep- 
tion of  the  nuts  qrst.  D  E  F  is  a  second  plate  of  brass  of  the 
same  size  as  the  former,  and  pierced  with  holes  at  its  four  cor- 
ners, so  as  to  enable  it  to  slip  over  the  four  columns  of  the  plate 
A  B  C.  Both  these  plates  are  perforated  by  circular  apertures, 
mn  and  ojJ,  1*35  inch  in  diameter.  G  H  1  is  a  third  plate  of 
brass  of  the  same  area  as  D  E  F,  and,  like  it,  having  its  centre 
and  its  corners  perforated.  The  plate  G  H  I  is  intended  to  sepa- 
rate the  two  plates  of  rock-salt,  which  are  to  form  the  walls  of 
the  cell,  and  its  thickness  determines  that  of  the  liquid  layer. 
Thus  when  the  plates  ABC  and  D  E  F  are  in  position,  a  space 
of  the  form  of  a  shallow  cylinder  is  enclosed  between  them,  and 
this  space  can  be  filled  with  any  liquid  through  the  orifice  k. 
The  separating  plate  G  H  I  was  ground  with  the  utmost  accu- 
racy, and  the  surfaces  of  the  plates  of  salt  were  polished  with 
extreme  care^  with  a  view  to  rendering  the  contact  between  the 
salt  and  the  brass  water-tight.  In  practice,  however,  it  was 
found  necessary  to  introduce  washers  of  thin  letter-paper  between 
the  plates  of  salt  and  the  separating  plate. 

In  arranging  the  cell  for  experiment,  the  nuts  qrst  are  un- 
screwed, and  a  washer  of  india-rubber  is  first  placed  on  ABC. 
On  this  washer  is  placed  one  of  the  plates  of  rock-salt.  On  the 
plate  of  rock-salt  is  placed  the  washer  of  letter-paper,  and  on  this 
again  the  separating  plate  G  H  I.  A  second  washer  of  paper  is 
placed  on  this  plate;  then  comes  the  second  plate  of  salt,  on  which 
another  india-rubber  washer  is  laid.  The  plate  D  E  F  is  finally 
slipped  over  the  columns,  and  the  whole  arrangement  is  tightly 
screwed  together  by  the  nuts  qrst.  The  use  of  the  india-rubber 
washers  is  to  relieve  the  crushing  pressure  which  would  be  ap- 
plied to  the  plates  of  salt  if  they  were  in  actual  contact  with  the 
brass  plates ;  and  the  use  of  the  paper  washers  is,  as  already 
explained,  to  render  the  cell  liquid-tight.  After  each  experi- 
ment, the  apparatus  is  unscrewed,  the  plates  of  salt  are  removed 
and  thoroughly  cleansed ;  the  cell  is  then  remounted,  and  in  two 
or  three  minutes  all  is  ready  for  a  new  experiment. 

My  next  necessity  was  a  perfectly  steady  source  of  heat,  of 
sufficient  intensity  to  penetrate  the  most  absorbent  of  the  liquids 
to  be  subjected  to  examination.  This  was  found  in  a  spiral  of 
platinum  wire,  rendered  incandescent  by  an  electric  current. 
The  frequent  use  of  this  source  of  heat  led  me  to  construct  the 
lamp  shown  in  fig.  2.  A  is  a  globe  of  glass  3  inches  in  diameter, 
fixed  upon  a  stand,  which  can  be  raised  and  lowered.  At  the 
top  of  the  globe  is  a  tubulure,  into  which  a  cork  is  fitted,  and 
through  the  cork  pass  two  wires  whose  ends  are  united  by  the 
platinum  spiral  s.     The  wires  are  carried  down  to  the  binding- 
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screws  a  h,  which  are  fixed  in  the  foot  of  the  stand,  so  that  when 
the  instrument  is  attached  to  the  battery  no  strain  is  ever  exerted 
on  the  wires  which  carry  the  spiral.  The  ends  of  the  thick  wire 
to  which  the  spiral  is  attached  are  also  of  stout  platinum ;  for 
when  it  was  attached  to  copper  wires,  unsteadiness  was  introduced 
through  oxidation.  The  heat  from  the  incandescent  spiral  issues 
by  the  opening  d,  which  is  an  inch  and  a  half  in  diameter. 
Behind  the  spiral,  finally,  is  a  metallic  reflector,  r,  which  aug- 
ments the  flux  of  heat  without  sensibly  changing  its  quality.  In 
the  open  air  the  red-hot  spiral  is  a  capricious  source  of  heat ;  but 
surrounded  by  its  glass  globe  its  steadiness  is  admirable. 

The  whole  experimental  arrangement  will  be  immediately  un- 
derstood from  the  sketch  given  in  fig.  3.  A  is  the  platinum 
lamp  just  described,  heated  by  a  current  from  a  Grove's  battery 
of  five  cells.  It  is  necessary  that  this  lamp  should  remain  per- 
fectly constant  throughout  the  day ;  and  to  keep  it  so,  a  tangent 
galvanometer  and  a  rheocord  are  introduced  into  the  circuit. 

In  front  of  the  spiral,  and  surrounding  the  tubulure  of  its 
globe,  is  the  tube  B  with  an  interior  reflecting  surface,  through 
which  the  heat  passes  to  the  rock-salt  cell  C.  This  cell  is  placed 
on  a  little  stage  soldered  to  the  back  of  the  perforated  screen  S  S, 
so  that  the  heat,  after  having  crossed  the  cell,  passes  through 
the  hole  in  the  screen,  and  afterwards  impinges  on  the  thermo- 
electric pile  P.  The  pile  is  placed  at  some  distance  from  the 
screen  S  S,  so  as  to  render  the  temperature  of  the  cell  C  itself  of 
no  account.  C  is  the  compensating  cube,  containing  water  kept 
boiling  by  steam  from  the  pipej9.  Between  the  cube  C  and  the 
pile  P  is  the  screen  Q,  which  regulates  the  amount  of  heat  fall- 
ing on  the  posterior  face  of  the  pile.  The  whole  arrangement  is 
here  exposed,  but  in  practice  the  pile  P  and  the  cube  C  are  care- 
fully protected  from  the  capricious  action  of  the  surrounding  air. 

The  experiments  are  thus  performed.  The  empty  rock-salt 
cell  C  being  placed  on  its  stage,  a  double  silvered  screen  (not 
shown  in  the  figure)  is  first  introduced  between  the  end  of  the 
tube  B  and  the  cell  C — the  radiation  from  the  spiral  being  thus 
totally  cut  off",  and  the  pile  subjected  to  the  action  of  the  cube  C 
alone.  By  means  of  the  screen  Q,  the  total  heat  to  be  adopted 
throughout  the  series  of  experiments  is  obtained :  say  that  it  is 
sufficient  to  produce  a  galvanometric  deflection  of  50  degrees. 
The  double  screen  used  to  intercept  the  radiation  from  the  spiral 
is  then  gradually  withdrawn  until  this  radiation  completely  neu- 
tralizes that  from  the  cube  C,  and  the  needle  of  the  galvano- 
meter points  steadily  to  zero.  The  position  of  the  double  screen, 
once  fixed,  remains  subsequently  unchanged,  the  slight  and  slow 
alteration  of  the  source  being  neutralized  by  the  rheocord.  Thus 
the  rays  in  the  first  instance  pass  from  the  spiral  through  the 
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e.pty  voclc-salt  cell.  A  sjnall  ^^-1  ^^^^^^^^^^^  X-d 
stand,  dips  into  the  aperture  wh  eh  ^^^f  Jduction  of  the 
through  this  the  liquid  is  poured.     The  mtiouu 


3G2 
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liquid  destroys  the  previous  equilibrium,  the  galvanometer  needle 
moves,  and  finally  assumes  a  steady  deflection ;  and  from  this 
deflection  we  can  immediately  calculate  the  quantity  of  heat  ab- 
sorbed by  the  liquid,  and  express  it  in  hundredths  of  the  entire 
radiation. 

For  example,  the  empty  cell  being  placed  upon  its  stand,  and 
the  needle  being  at  0°,  the  introduction  of  iodide  of  methyle 
into  the  cell  produced  a  deflection  of  30°-8.  The  total  radiation 
on  this  occasion  was  44°'2.  Taking  the  force  necessary  to  move 
the  needle  from  0°  to  1°  as  our  unit,  the  deflection  30°-8  corre- 
sponds to  32  such  units,  while  the  deflection  44°'2  corresponds 
to  58*3  such  units.  Hence  the  statement 
58-3:  100  =  33:  54-9, 
which  gives  an  absorption  of  54*9  per  cent,  for  a  layer  of  liquid 
iodide  of  methyle  0*07  of  an  inch  in  thickness. 

&  II.  Absorption  of  radiant  heat  of  a  certain  quality  by  eleven 
different  liquids  at  five  different  thicknesses. 

The  following  Table  contains  the  results  obtained  in  this 
manner  with  the  respective  liquids  there  mentioned.  It  em- 
braces both  the  deflection  produced  by  the  introduction  of  the 
liquid,  and  the  quantity  per  cent,  intercepted  of  the  entire  radia- 
tion. It  has  been  intimated  to  me  by  some  of  my  continental 
friends  that  the  publication  of  such  details  as  would  enable  a 
reader  to  judge  of  the  precision  attainable  by  my  apparatus  would 
be  desirable.  In  this  paper  I  shall,  to  some  extent,  endeavour 
to  satisfy  this  desire,  making  use,  however,  of  my  ordinary  ex- 
periments. 

Table  I. — Radiation  of  heat  through  Liquids.  Source  of  heat, 
red-hot  platinum  spiral.  Thickness  of  liquid  layer  0*07  of 
an  inch. 

Name  of  liquid.  Deflection.  Absorption  per  100. 

.     30-8  54-9 


Iodide  of  methyle 
Iodide  of  ethyle 
Benzole 
Amylene  .  . 
Sulphuric  ether 
Acetic  ether  . 
Alcohol  .  .  . 
Water*  .  .  . 
Total  heat  .     . 


330  60-4 

35-3  670 

37-7  74-8 

390  79-4 

39-6  81-6 

41-0  86-6 

43-3  91-4 

44-2  100 


*  To  prevent  the  water  from  attacking  the  cell,  it  was  alwa3's  first  satu- 
rated with  the  substance  of  the  cell  itself,  namely,  transparent  rock-salt. 
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In  these  experiments  I  employed  a  less  delicate  galvanometer 
than  that  used  in  my  former  researches.  The  experiments  were 
made  on  the  29th  of  September,  and  on  the  following  day  I 
repeated  them  with  the  following  results : — 

Table  II. — Radiation  of  heat  through  Liquids.  Source  of  heat, 
red-hot  platinum  spiral.  Thickness  of  liquid  layer  0*07  of 
an  inch. 


Name  of  liquid. 

Iodide  of  methyle 
Iodide  of  ethyle 
Benzole 
Amylene 
Sulphuric  ether 
Acetic  ether 
Formic  ether 
Alcohol 
Water     .     . 
Total  heat  . 


Deflection. 

.  33-5 

.  35-5 

.  37-5 

.  39-5 

.  410 

.  41-5 

.  42-4 

.  43-5 

.  44-7 

.  46-7 


Absorption  ])er  100. 

53-7 
58-7 
64-4 
70-7 
75-4 
76-9 
80-0 
84-2 
90-5 
100-0 


On  the  28th  of  October  my  most  delicate  galvanometer  was  at 
liberty,  and  with  it  I  executed  the  experiments  performed  with 
the  coarser  one.     The  following  are  the  results : — 

Table  III. — Radiation  of  heat  through  Liquids.     Source,  red- 
hot  platinum  spiral.  Thickness  of  liquid  layer  0'07  of  an  inch. 

Name  of  liquid.  Deflection. 

o 

Bisulphide  of  carbon 9'0 

Chloroform 25-2 

Iodide  of  methyle 36*0 

Ditto,  strongly  coloured  with  iodine     .  36*0 

Iodide  of  ethyle 38-2 

Benzole 39-2 

Amylene 42'0 

Sulphuric  ether 42*6 

Acetic  ether 43*4 

Formic  ether 43*3 

Alcohol 44-4 

Water 45'6 

Total  heat 48-0         1000 

I  have  here  placed  beside  the  results  obtained  with  the  deli- 
cate galvanometer,  the  means  of  those  obtained  with  the  coarser 
one.     It  is  not  my  object  to  push  these  measurements  to  the  last 


Absorption 
per  100. 
12-5 

35-0 

53-2 

54-3 

53-2 

59-0 

59-6 

62-5 

65-7 

73-6 

72-3 

76-1 

77-4 

78-0 

79-3 

79-0 

80-0 

83-6 

85-4 

88-8 

90-9 
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degree  of  nicety ;  otherwise  the  satisfactory  agreement  here  exhi- 
bited might  be  made  still  better. 

To  render  the  experiments  on  liquid  transmission  more  com- 
plete, I  operated  with  layers  of  various  thicknesses,  employing 
throughout  my  most  delicate  galvanometer.  The  results  of  these 
measurements  are  recorded  in  the  following  series  of  Tables  : — 

Table  IV. — Radiation  of  heat  through  Liquids.     Source,  red- 
hot  platinum  spiral.    Thickness  of  liquid  layer  0*02  of  an  inch. 


Name  of  liquid. 

Bisulphide  of  carbon 
Chloroform 
Iodide  of  methyle 
Iodide  of  ethyle 
Benzole  . 
Amylene      .     . 
Boracic  ether   . 
Sulphuric  ether 
Formic  ether    . 
Alcohol  .     .     . 
Water     .     .     . 
Total  heat  .     . 


Deflection.  Absorption  per  100. 


4-0 
12-0 
260 
27-5 
31-3 
380 
390 
39-5 
40-0 
40-5 
43-7 
48-0 


5-5 
16-6 
361 
38-2 
43-4 
58-3 
61-8 
63-3 
65-2 
67-3 
80-7 
1000 


Table  V. — Thickness  of  liquid  layer  0*04  of  an  inch. 


Name  of  liquid. 

Deflection. 

Absorption  per  100 

Bisulphide  of  carbon 

o 

.       6-1 

8-4 

Chloroform       .     .     . 

.     18-0 

250 

Iodide  of  methyle 

.     330 

46-5 

Iodide  of  ethyle    . 

.     35-0 

50-7 

Benzole  .... 

.     370 

55-7 

Amylene      .     .     , 

.     40-0 

65-2 

Boracic  ether    .     . 

.     41-0 

69-4 

Sulphuric  ether     . 

.     42-0 

73-5 

Acetic  ether      .     . 

.     42-1 

74-0 

Formic  ether   .     . 

.     .     42-5 

76-3 

Alcohol  .... 

.     43-2 

78-6 

Water     .... 

.     45-0 

86-1 

Total  heat   .     .     . 

.     .     48-0 

100-0 

Prof.  Tyndall's  Contributions  to  Molecular  Physics.       447 


Table  VI. — Thickness  of  liquid  layer  0-14  of  an  inch. 

Name  of  liquid.  Deflection.  Absorption  per  100. 


Bisulphide  of  carbon 
Chloroform 
Iodide  of  methyle 
Iodide  of  ethyle 
Benzole 
Amylene 
Sulphuric  ether 
Acetic  ether 
Formic  ether    . 
Alcohol .     .     . 
Water     .     .     . 
Total  heat    .     . 


110 
28-6 
40-0 
40-9 
41-5 
430 
43-2 
44-0 
44-5 
44-8 
46-3 
48-0 


15-2 
40  0 
65-2 
690 
71-5 
77-7 
78-6 
82-0 
84-0 
85-3 
91-8 
1000 


Table  VII. — Thickness  of  liquid  layer  0*27  of  an  inch. 


Bisulphide  of  carbon 
Chloroform 
Iodide  of  methyle, 
Iodide  of  ethyle 
Benzole  . 
Amylene     . 
Sulphuric  ether 
Acetic  ether     . 
Formic  ether  . 
Alcohol       .     . 
Water    .     .     . 
Total  heat   . 


12-5 
32-3 

40-8 
41-5 
42-0 
44-1 
44-8 
45-0 
45-2 
45-7 
46-1 
48-0 


17-3 

44-8 
68-6 
71-5 
73-6 
82-3 
85-2 
86-1 
87-0 
89-1 
910 
1000 


in 


The  foregoing  results  are  collected  together  in  the  following 
Table  :— 

Table  VIII.  Absorption  of  heat  by  Liquids.     Source,  platinum 
spiral  heated  to  a  bright  redness  by  a  voltaic  current. 


Liquid. 

Thickness  of  liquid  in  parts  of  an  inch. 

0-02. 

004. 

007. 

014. 

0-27. 

Bisulphide  of  carbon 

5-5 
16-6 
361 
38-2 
43-4 
58-3 
63-3 

65 -2 
67-3 

807 

8-4 
25  0 
46-5 
507 
557 
65-2 
73-5 
740 
76-3 
78-6 
86-1 

12-5 
350 
53-2 
59-0 
62-5 
73-6 
761 
78-0 
79-0 
836 
88-8 

15-2 

40-0 
65-2 
69-0 
71-5 
777 
78-6 
82-0 
840 
85-3 
91-8 

17-3 
44-8 
68-6 
71-5 
73-6 
82-3 
85-2 
86-1 
870 
891 
910 

Iodide  of  methyle 

Acetic  ether  

Water 
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Had  it  been  desirable  to  push  these  measurements  to  the 
utmost  limit  of  accuracy,  I  should  have  repeated  each  experi- 
ment, and  taken  the  mean  of  the  determinations.  But  consi- 
dering the  way  in  which  the  different  thicknesses  check  each 
other,  an  inspection  of  the  Table  must  produce  the  conviction 
that  the  results  express,  within  small  limits  of  error,  the  action 
of  the  bodies  mentioned. 

§  III.  Absorption  of  radiant  heat  of  the  same   quality  by  the 
vapours  of  those  liquids  at  a  common  tension. 

As  liquids,  then,  those  bodies  are  shown  to  possess  very 
different  capacities  of  intercepting  the  heat  emitted  by  our  radia- 
ting source ;  and  we  have  next  to  inquire  whether  these  differ- 
ences continue  after  the  molecules  have  been  released  from  the 
bond  of  cohesion.  We  must,  of  course,  test  the  vapours  by  waves 
of  the  same  period  as  those  applied  to  the  liquids  ;  and  this  our 
mode  of  experiment  renders  easy  of  accomplishment.  The  heat 
generated  in  a  wire  by  a  current  of  a  given  strength  being  inva- 
riable, it  was  only  necessary,  by  means  of  the  tangent  compass 
and  rheocord,  to  keep-  the  current  constant  from  day  to  day  in 
order  to  obtain,  both  as  regards  quantity  and  quality,  an  invari- 
able source  of  heat. 

The  liquids  from  which  the  vapours  were  derived  were  placed 
in  a  small  long  llask,  a  separate  flask  being  devoted  to  each. 
The  air  above  the  liquid  and  within  it  being  first  carefully 
removed  by  an  air-pump,  the  flask  was  attached  to  the  experi- 
mental tube  in  which  the  vapours  were  to  be  examined.  This 
tube  was  of  brass,  49'6  inches  long,  and  2*4  inches  in  diameter, 
its  two  ends  being  stopped  by  plates  of  rock-salt.  Its  interior 
surface  was  polished.  At  the  commencement  of  each  experiment, 
the  tube  having  been  thoroughly  cleansed  and  exhausted,  the 
needle  stood  at  zero*.  The  cock  of  the  flask  containing  the 
volatile  liquid  was  then  carefully  turned  on,  and  the  vapour 
allowed  slowly  to  enter  the  expei'imental  tube.  The  barometer 
attached  to  the  tube  was  finely  graduated,  and  the  descent  of  the 
mercurial  column  was  observed  through  a  magnifying  lens. 
When  a  pressure  of  0'5  of  an  inch  was  obtained,  the  vapour  was 
cut  off  and  the  permanent  deflection  of  the  needle  noted.  Know- 
ing the  total  heat,  the  absorption  in  lOOths  of  the  entire  radia- 
tion could  be  at  once  deduced  from  the  deflection.  The  follow- 
ing Table  contains  the  results  of  the  first  series  of  experiments 
made  with  the  platinum  spiral  as  source. 

*  It  is  hardly  necessary  to  remark  that  the  principle  of  compensation 
described  in  my  former  memoirs  was  employed  here  also. 
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Table  IX. — Radiation  of  heat  through  Vapours.     Source^  red- 
hot  platinum  spiral.     Tension,  0*5  of  an  inch. 


Name  of  vapour. 

Bisulphide  of  carbon 
Bisulphide  of  carbon 
Chloroform 
Chloroform  . 
Iodide  of  methyle 
Iodide  of  methyle 
Iodide  of  ethyle 
Iodide  of  ethyle 
Benzole 
Benzole  , 
Amylene  » 
Amylene  . 
Total  heat 


Deflection. 

.  170 

.  16-8 

.  22-5 

.  22-8 

.  340 

.  340 

.  46-0 

.  45-5 

.  48-5 

.  48-5 

.  56-3 

.  56-2 

.  78-3 


Absorption  per  100. 
.  Mean. 

4-7 

4-6 
6-2 
6-3 
9-7 


4-7 


6-3 


9-7 
180 
17-6 
20-4 
20-4 
27-3 
27-2 
1000 


9-7 


17-8 


20-4 


27-3 


'  The  absence  of  all  caprice  or  uncertainty  in  the  measurements 
is,  I  think,  demonstrated  by  the  foregoing  Table,  which  is  simply 
an  average  sample  of  the  degree  of  coincidence  obtained  in  sepa- 
rate measurements.  Two  determinations  were  made  in  each 
case;  and  it  will  be  seen  that  while,  in  some  instances,  the 
second  experiment  yielded  the  same  result  as  the  first,  in  one 
instance  only  does  the  diflFerence  amount  to  half  a  degree  of  the 
galvanometer. 

The  foregoing  measurements  were  executed  on  the  5th  of 
October.  On  the  7th  they  were  in  part  repeated,  with  the  fol- 
lowing results  : — 

Table  X. 
Name  of  vapour.  Deflection.  Absorption. 

Bisulphide  of  carbon       .     .     .  16*5  4*7 

Chloroform 22-8  6-5 

lode  of  methyle 330  9*6 

Iodide  of  ethyle 45-0  17-7 

Benzole 48-0  20-6 

Amylene 55-3  27*5 

Alcohol 55-7  28-1 

Formic  ether 58-2  31-4 

Sulphuric  ether 58*5  31-9 

Acetic  ether 59-9  34*6 

Total  heat 780  100-0 

Placing  these  results  beside  those  recorded  in  Table  IX.,  the 
manner  in  which  they  check  each  other  will  appear. 
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Comparison  of  Tables  IX.  and  X. — Absorption. 


Table  IX. 

Table  X 

Bisulphide  of  carbon 

.       4-7 

4-7 

Chloroform      .     .     .     . 

.       6-3 

6-5 

Iodide  of  methyle      .     . 

.       9-7 

9-6 

Iodide  of  ethyle   .     .     . 

.     17-8 

17-7 

Benzole 

.     20-4 

20-6 

Amylene 

.     27-3 

27-5 

The  agreement,  it  will  be  seen,  is  as  perfect  as  could  be 
desired. 

Augmenting  the  opening  through  which  the  heat  passed  from 
the  source  into  the  experimental  tube,  the  total  heat  was  increased, 
and  the  experiments  with  a  few  of  the  vapours  were  repeated. 
The  total  heat  in  the  last  case  produced  a  deflection  of  78°,  which 
is  equal  to  350  units ;  the  total  heat  now  employed  produced  a 
deflection  of  83°,  which  is  equal  to  605  units.  It  is  easy  to  see 
that  the  experiments  now  to  be  recorded  furnish  a  direct  check 
on  the  calibration  of  the  galvanometer.  As  long  as  the  quality 
of  the  heat  remains  unchanged,  the  absorption  ought  to  be  the 
same  with  a  high  total  heat  as  with  a  low  one.  But  if  experi- 
ment show  that  this  is  the  case,  it  proves  also  that  the  calibra- 
tion on  which  the  calculation  of  the  absorption  depends,  cannot 
be  in  error.  The  following  results  were  obtained  on  the  8th  of 
October : — 

Table  X«. 


Amylene 
Alcohol  .     .     . 
Formic  ether    . 
Formic  ether    . 
Sulphuric  ether 
Sulphuric  ether 
Acetic  ether 
Acetic  ether 
Total  heat  .     . 


eflection. 

Absorption 

66-0 

28-7 

66-4 

29-2 

68-5 

82-5 

68-5 

32-5 

69-2 

33-6 

69-1 

33-4 

69-7 

34-5 

69-7 

34-5 

83-0 

1000 

Placing  the  results  beside  those  recorded  in  Table  X.,  we  have 
the  following  comparison  : — 

Comparison  of  Tables  X.  and  X  a. 


Amylene 
Alcohol  .     .     . 
Formic  ether    . 
Sulphuric  ether 
Acetic  ether 


27-5 
28-1 
31-4 
31-9 
34-6 


28-7 
29-2 
32-5 
33-5 
34-5 
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The  differences  here  are  inconsiderable,  and  lean  to  neither  side ; 
within  these  limits,  therefore,  the  calibration  must  be  correct ;  it 
shall  be  tested  more  severely  in  another  part  of  this  paper. 

§  ]  V.  Absorption  of  the  same  heat  by  the  same  vapours  when  the 
quantities  of  vapour  are  proportional  to  the  quantities  of  liquid. 
— Comparative  view  of  the  action  of  liquids  and  their  vapours  on 
radiant  heat. 

We  are  now  in  a  condition  to  compare  the  action  of  a  series 
of  volatile  liquids  with  that  of  the  vapours  of  those  liquids  upon 
radiant  heat. 

Commencing  with  the  substance  of  the  lowest  absorptive 
energy,  and  proceeding  to  the  highest,  we  have  the  following 
order  of  absorption  : — 

Liquids.  Vapours. 

Bisulphide  of  carbon.  Bisulphide  of  carbon. 

Chloroform.  Chloroform. 

Iodide  of  methyle.  Iodide  of  methyle. 

Iodide  of  ethyle.  Iodide  of  ethyle. 

Benzole.  Benzole. 

Amylene.  Amylene. 

Sulphuric  ether.  Alcohol. 

Acetic  ether.  Formic  ether. 

Formic  ether.  Sulphuric  ether. 

Alcohol.  Acetic  ether. 
Water. 

Here,  as  far  as  amylene,  the  order  of  absorption  is  the  same 
for  both  liquids  and  vapours.  But  from  amylene  downwards, 
though  strong  liquid  absorption  is  in  a  general  way  paralleled 
by  strong  vapour  absorption,  the  order  of  both  is  not  the  same. 
There  is  not  the  slightest  doubt  that  next  to  water  alcohol  is  the 
most  powerful  absorber  in  the  list  of  liquids ;  but  there  is  just 
as  little  doubt  that  the  position  which  it  occupies  in  the  list  of 
vapours  is  the  correct  one.  This  has  been  established  by  reite- 
rated experiments.  Acetic  ether,  on  the  other  hand,  though 
certainly  the  most  energetic  absorber  in  the  state  of  vapour,  falls 
behind  both  formic  ether  and  alcohol  in  the  liquid  state.  Still, 
on  the  whole,  I  think  it  is  impossible  to  contemplate  these  results 
without  arriving  at  the  general  conclusion  that  the  act  of  absorp- 
tion is  in  the  main  molecular,  and  that  the  molecule  maintains  its 
power  as  an  absorber  and  radiator  when  it  changes  its  state  of 
aggregation.  Should,  however,  any  doubt  linger  as  to  the  cor- 
rectness of  this  conclusion,  it  will  speedily  disappear. 
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A  moment's  reflection  will  show  that  the  comparison  here  in- 
stituted is  not  a  strict  one.  We  have  taken  the  liquids  at  a 
common  thickness,  and  the  vapours  at  a  common  volume  and 
pressure.  But  if  the  layers  of  liquid  employed  were  turned 
bodily  into  vapour,  the  volumes  obtained  would  not  be  the  same. 
Hence  the  quantities  of  matter  traversed  by  the  radiant  heat  are 
neither  equal  nor  proportional  to  each  other  in  the  two  cases ; 
and  to  render  the  comparison  strict  they  ought  to  be  propor- 
tional. It  is  easy,  of  course,  to  make  them  so ;  for  the  liquids 
being  examined  at  a  constant  volume,  their  specific  gravities 
give  us  the  relative  quantities  of  matter  traversed  by  the  radiant 
heat,  and  from  these  and  the  vapour-densities  we  can  immedi- 
ately deduce  the  corresponding  volumes  of  the  vapour.  Calling 
the  quantity  of  matter  q,  the  vapour-density  d,  and  the  volume 
V,  we  have 

\d==q, 
or 

Dividing,  therefore,  the  specific  gravities  of  our  liquids  by  the 
densities  of  their  vapours,  we  obtain  a  series  of  volumes  propor- 
tional to  the  masses  of  the  liquids  employed.  The  densities  of 
both  liquids  and  vapours  are  given  in  the  following  Table : — 


Table  of  Densities. 


Vapour. 

Liquid 

Bisulphide  of  carbon 

.     .     2-63 

1-27 

Chloroform       .     . 

.     4-13 

1-48 

Iodide  of  methyle 

.     4-90 

2-24 

Iodide  of  ethyle    . 

.     .     5-39 

1-95 

Benzole  .... 

.     .     2-69 

0-85 

Amylene      .     .     . 

.     2-42 

0-64 

Alcohol  .... 

.     1-59 

0-79 

Sulphuric  ether 

.     2-56 

0-71 

Formic  ether    .     . 

.     2-56 

0-91 

Acetic  ether 

.     304 

0-89 

Water    .... 

.     0-63 

1-00 

Substituting  for  q  the  numbers  of  the  second  column,  and  for 
d  those  of  the  first,  we  obtain  the  following  series  of  vapour 
volumes,  whose  weights  are  proportional  to  the  masses  of  liquid 
employed. 
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Table  of  Proportional  Volumes. 

Bisulphide  of  carbon     .     .  0*48 

Chloroform 0-36 

Iodide  of  metbyle     .     .     .  0*46 

Iodide  of  ethyle  ....  0-36 

Benzole 0-32 

Amyiene 0.26 

Alcohol 0-50 

Sulphuric  ether  ....  0-28 

Formic  ether 0*36 

Acetic  ether 0'29 

Water 1-60 

Employing  the  vapours  in  the  volumes  here  indicated,  the 
following  results  were  obtained : — 

Table  XI. — Radiation  of  heat  through  Vapours.     Mass  of 
vapour  proportional  to  mass  of  liquid. 

■vr  P  Tension  in  parts       r»  a    *•  Absorption 

Name  of  vapour.  of  an  inch.  Deflection.  ^^^^^^ 

Bisulphide  of  carbon    .  0*48  <    ^..^  [  4*3 

Chloroform   ....  0-36  I] 3-0 1  ^'^ 

Iodide  of  methyle    .     .  0-46  {90-4}  ^^'^ 

Iodide  of  ethyle       .     .  0-36  {sq-g}  ^^"^ 

Benzole 0-32  {331}  l^"^ 

Amyiene 0-26                37-7  190 

Sulphuric  ether  .     .     .  0-28  {t^l}  ^^'^ 

Acetic  ether.     .     .     .  0-29  {4^0)  ^^'^ 

Formic  ether      .     .     .  0-36  {tt?}  ^^'^ 

Alcohol 0-50  {ttgl  22-7 

Here  the  discrepancies  revealed  by  our  former  series  of  expe- 
riments entirely  disappear,  and  it  is  proved  that  for  heat  of  the 
same  quality  the  order  of  absorption  for  liquids  and  their  vapours 
is  the  same.  We  may  therefore  safely  infer  that  the  position  of 
a  vapour  as  an  absorber  or  radiator  is  determined  by  that  of  the 
liquid  from  which  it  is  derived.     Granting  the  validity  of  this 
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inference,  the  position  of  water  fixes  that  of  aqueous  vapour. 
From  the  first  seven  Tables  of  this  memoir,  or  from  the  resume 
of  results  in  Table  VIII.,  it  will  be  seen  that  for  all  thicknesses 
water  exceeds  the  other  liquids  in  the  energy  of  its  absorption. 
Hence,  if  no  single  experiment  on  the  vapour  of  water  existed, 
we  should  be  compelled  to  conclude,  from  the  deportment  of  its 
liquid,  that,  weight  for  weight,  aqueous  vapour  transcends  all 
others  in  absorptive  power.  Add  to  this  the  direct  and  multi- 
plied experiments  by  which  the  action  of  this  substance  on 
radiant  heat  has  been  established,  and  we  have  before  us  a  body 
of  evidence  sufficient,  I  trust,  to  set  this  question  for  ever  at  rest, 
and  to  induce  the  meteorologist  to  apply  without  misgiving  the 
radiant  and  absorbent  property  of  aqueous  vapour  to  the  pheno- 
mena of  his  science. 

§  V.  Remarks  on  the  chemical  constitution  of  bodies  with  reference 
to  their  powei^s  of  absorption. 

The  order  and  relative  powers  of  absorption  of  our  vapours, 

when  equal  volumes  are  compared,  are  given  in  Table  X. :  the 

chemical  formulae  of  the  substances,  and  the  number  of  atoms 

which  their  molecules  embi'ace,  are  as  follows : — 

■r.         1  Number  of  atoms 

Formula.  -^^  molecules. 

Bisulphide  of  carbon      .  C  S^  3 

Chloroform      .     .     .     .  C  H  CP  5 

Iodide  of  methyle      .     .  CH^I  5 

Iodide  of  ethyle    .     .     .  CMi^  I  8 

Benzole C^  H^  12 

Amylene C^H'o  15 

Alcohol C^H^O  9 

Formic  ether    .     .     .     .  C^H^O^  11 

Sulphuric  ether    .     .     .  CMI'OO  15 

Acetic  ether     ....  Cm«  0^  14 

Boracic  ether  .     .     .     .  BCSH'^O^  25 

Here,  for  the  first  six  vapours,  the  radiant  and  absorbent 
powers  augment  with  the  number  of  atoms  contained  in  the 
molecules.  Alcohol  and  amylene  vapours,  however,  are  nearly 
alike  in  absorptive  power,  the  molecule  of  amylene  containing  15 
atoms,  while  that  of  alcohol  embraces  only  9.  But  in  alcohol 
we  have  a  third  element  introduced,  which  is  absent  in  the  amy- 
lene ;  the  oxygen  of  the  alcohol  gives  its  molecule  such  a  cha- 
racter as  enables  it  to  transcend  that  of  the  amylene,  though  the 
latter  contains  the  greater  number  of  atoms.  Here  the  idea  of 
quality  superadds  itself  to  that  of  number.  Acetic  ether  also 
has  a  less  number  of  atoms  in  its  molecule  than  sulphuric  ether ; 
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but  whereas  the  latter  has  but  one  atom  of  oxygen,  the  former 
has  two.  Formic  ether  and  suiphuric  ether  are  almost  identical 
in  their  absorptive  powers  for  the  heat  here  employed ;  still  formic 
ether  has  but  11  atoms  in  its  molecule,  while  sulphuric  has  15. 
But  formic  ether  possesses  two  atoms  of  oxygen,  while  sulphuric 
possesses  only  one.  Two  things  here  suggest  themselves  as 
influential  on  the  absorbent  and  radiant  power,  which  may  be 
expressed  by  the  terms  multitude  and  complexity.  As  a  mole- 
cule of  multitude,  amylene,  for  example,  exceeds  alcohol ;  as  a 
molecule  of  complexity,  alcohol  exceeds  amylene;  and  in  this 
case,  as  regards  radiant  and  absorbent  power,  the  complexity  is 
more  than  a  match  for  the  multitude.  The  same  remarks  may 
be  made  with  reference  to  sulphuric  and  formic  ether :  the  for- 
mer excels  in  multitude,  the  latter  in  complexity,  the  excess  in 
the  one  case  almost  exactly  balancing  that  in  the  other.  Adding 
two  atoms  of  hydrogen  and  one  of  carbon  to  the  formic  ether, 
we  obtain  acetic  ether,  and  by  this  addition  the  balance  is  turned  ; 
for  though  acetic  ether  falls  short  of  sulphuric  ether  in  multi- 
tude, it  transcends  it  in  absorbent  and  radiant  power.  Out- 
standing from  all  others,  when  equal  volumes  are  compared,  and 
signalizing  itself  by  the  enormous  magnitude  of  its  absorption, 
we  have  boracic  ether,  each  molecule  of  which  embraces  no  less 
than  25  atoms.  The  time  now  at  my  disposal  enables  me  to  do 
little  more  than  glance  at  these  singular  facts  ;  but  I  must 
direct  the  attention  of  chemists  to  the  water  molecule :  its  power 
as  a  radiant  and  an  absorbent  is  perfectly  unprecedented  and 
anomalous,  if  the  usually  recognized  formula  be  correct. 

§  VI.   Transmission  of  radiant  heat  through  bodies  opake  to  light. 
— Remarks  on  the  physical  cause  of  transparency  and  opacity. 

In  Table  III.  a  fact  is  revealed  which  is  worth  a  little 
further  attention.  The  measurements  there  recorded  show  that 
the  absorption  of  a  layer  of  iodide  of  methyle,  strongly  colou.red 
with  iodine  (which,  doubtless,  had  been  liberated  by  the  action 
of  light),  was  precisely  the  same  as  that  of  a  perfectly  transpa- 
rent layer  of  the  liquid.  The  iodine,  which  produced  so  marked 
an  efiect  on  light,  did  not  sensibly  affect  the  radiant  heat  emitted 
by  the  platinum  spiral.     Here  are  the  numbers: — 

Absorption. 

Iodide  of  methyle  (transparent) 53*2 

Iodide  of  methyle  (strongly  coloured  with  iodine)     .     53*2 

In  this  case,  the  incandescent  spiral,  or  a  flame,  was  visible  when 
looked  at  through  the  liquid ;  I  therefore  intentionally  deepened 
the  colour  (a  rich  brown),  by  adding  iodine,  until  the  layer  was 
of  sufficient  opacity  to  cut  off"  wholly  the  light  of  a  brilliant  jet 
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of  gas.  The  transparency  of  the  liquid  to  the  radiant  heat  was 
not  sensibly  affected  by  the  addition  of  the  iodine.  The  lumi- 
nous heat  was  of  course  cut  off;  but  this,  as  compared  with  the 
whole  radiation,  was  so  small  as  to  be  insensible  in  the  expe- 
riments. 

It  is  known  that  iodine  dissolves  freely  in  the  bisulphide  of 
carbon,  the  colour  of  the  solution  in  thin  layers  being  a  splendid 
purple ;  but  in  layers  of  moderate  thickness  it  may  be  rendered 
perfectly  opake  to  light.  I  dissolved  in  the  liquid  a  quantity  of 
the  iodine  sufficient,  when  introduced  into  a  cell  0*07  of  an  inch 
wide,  to  cut  off  wholly  the  light  of  the  most  brilliant  gas-flame. 
Comparing  the  opake  solution  with  the  transparent  bisulphide, 
the  following  results  were  obtained : — 

Deflection.     Absorption. 
Bisulphide  of  carbon  (opake)  .     .     .     9"0  12"5 

Bisulphide  of  carbon  (transparent)   .     9'0  12'5 

Here  the  presence  of  a  quantity  of  iodine,  perfectly  opake  to  a 
brilliant  light,  was  without  measurable  effect  upon  the  heat 
emanating  from  our  platinum  spiral.  ■  The  liquid  was  sensibly 
thickened  by  the  quantity  of  iodine  dissolved  in  it. 

The  same  liquid  was  placed  in  a  cell  027  of  an  inch  in  width; 
that  is  to  say,  a  solution  which  was  perfectly  opake  to  light,  at  a 
thickness  of  0*07  was  employed  in  a  layer  of  nearly  four  times 
this  thickness.     Here  are  the  results  : — 

Deflection.      Absorjition. 
Bisulphide  of  carbon  (transparent)   .     13'6  18'8 

Bisulphide  of  carbon  (opake)  .     .     .     13*7  19'0 

The  difference  between  the  two  measurements  lies  within  the 
limits  of  possible  error. 

Bisulphide  of  carbon  is  commonly  used  to  fill  hollow  prisms, 
when  considerable  dispersion  is  sought  for  in  the  decomposition 
of  white  light.  Such  prisms,  filled  with  the  opake  solution,  inter- 
cept entirely  the  luminous  part  of  the  spectrum,  but  allow  the 
extra-red  rays  free  passage.  A  heat-spectrum  of  the  sun,  or  of 
the  electric  light,  may  be  thus  obtained  entirely  separated  from 
the  luminous  one.  By  means  of  a  prism  of  the  transparent 
bisulphide,  I  determined  the  position  of  the  spectrum  of  the 
electric  light  upon  a  screen,  and  behind  the  screen  placed  a 
thermo-electric  pile  so  that  when  the  screen  was  removed  the 
extra-red  rays  fell  upon  the  pile.  I  then  substituted  an  opake 
prism  for  the  transparent  one  :  there  was  no  visible  spectrum  on 
the  screen  ;  but  the  removal  of  the  latter  at  once  demonstrated 
the  existence  of  an  invisible  s])ectrum  by  the  thermo-electric  cur- 
rent which  it  generated,  and  which  was  powerful  enough  to  dash 
violently  aside  the  needles  of  a  large  lecture-room  galvanometer. 
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To  what,  then,  are  we  to  ascribe  the  doportment  of  iodine 
towards  luminous  and  obscure  heat  V  The  diflPerence  between 
both  quahties  of  heat  is  sim])ly  one  of  period  :  in  the  one  case 
the  waves  which  convey  the  energy  are  short  and  of  rapid  recur- 
rence; in  the  other  case  they  are  long  and  of  slow  recurrence. 
The  former  are  intercepted  by  the  iodine,  and  the  latter  are 
allowed  to  pass.  Why?  There  can,  I  think,  be  only  one  answer 
to  this  question — that  the  intercepted  waves  are  those  whose 
periods  coincide  with  the  periods  of  oscillation  possible  to  the 
atoms  of  the  dissolved  iodine.  Supposing  waves  of  any  period 
to  impinge  upon  an  assemblage  of  molecules  of  any  other  period, 
it  is,  I  think,  physically  certain  that  a  tremor  of  greater  or  less 
intensity  will  be  set  up  among  the  molecules  ;  but  for  the  motion 
to  accumulate  so  as  to  produce  sensible  absorption,  coincidence 
of  period  is  necessary.  Briefly  detined,  therefore,  transparency 
is  synonymous  with  discord,  while  opacity  is  synonymous  with 
accord  between  the  periods  of  the  waves  of  ether  and  those  of 
the  molecules  of  the  body  on  which  they  impinge.  The  opacity, 
then,  of  our  solution  of  iodine  to  light  shows  that  its  atoms  are 
competent  to  vibrate  in  all  periods  which  lie  within  the  limits  of 
the  visible  spectrum ;  while  its  transparency  to  the  extra-red 
undulations  demonstrates  the  incompetency  of  its  atoms  to 
vibrate  in  unison  with  the  longer  waves. 

This  simple  conception  will,  I  think,  be  found  sufficient  to 
conduct  us  with  intellectual  clearness  through  a  multitude  of 
otherwise  perplexing  phenomena.  It  may  of  course  be  applied 
immediately  to  that  numerous  class  of  bodies  which  are  transpa- 
rent to  light,  but  opake  in  a  greater  or  less  degree  to  radiant 
heat.  Water,  for  example,  is  an  eminent  example  of  this  class 
of  bodies :  while  it  allows  the  luminous  rays  to  pass  with  free- 
dom, it  is  highly  opake  to  all  radiations  emanating  from  obscure 
sources.  A  layer  of  this  substance  one-twentieth  of  an  inch 
thick  is  competent,  as  Melloni  has  shown,  to  intercept  all  rays 
issuing  from  bodies  heated  under  incandescence.  Hence  we 
may  infer  that,  throughout  the  range  of  the  visible  spectrum, 
the  periods  of  the  water-molecules  are  in  discord  with  those  of 
the  sethereal  waves,  whde  beyond  the  red  we  have  coincidence 
between  both. 

What  is  true  of  water  is,  of  course,  true  in  a  less  degree  of 
glass,  alum,  calcareous  spar,  and  of  all  the  substances  named  in 
the  first  section  of  this  paper.  They  are  all  iu  discord  with  the 
visible  spectrum ;  they  are  all  more  or  less  in  accord  with  the 
extra-red  undulations  of  the  spectrum. 

Thus  also  as  regards  lampblack  :  the  blackness  of  the  sub- 
stance is  due  to  the  accord  which  reigns  between  the  oscillating 
periods  of  its  atoms  and  those  of  the  waves  embraced  within  the 
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limits  of  the  visible  spectrum.  The  substance  which  is  thus  im- 
pervious to  the  luminous  rays  is  moreover  the  very  one  from 
which  the  whitest  light  of  our  lamps  is  derived.  It  can  absorb 
all  the  rays  of  the  visible  spectrum,  it  can  also  emit  them.  But 
though  in  a  far  less  degree  than  iodine,  lampblack  is  also  to 
some  extent  transparent  to  the  longer  undulations.  Melloni 
was  the  first  to  prove  this ;  and  in  an  experiment  described  in  a 
former  memoir,  I  myself  found  that  30  per  cent,  of  the  radiation 
from  an  obscure  source  found  its  way  through  a  layer  of  lamp- 
black which  cut  off  totally  the  light  of  the  most  brilliant  jet  of 
gas.  I  shall  have  occasion  to  show  that,  for  certain  sources  of 
heat  of  long  period,  between  40  and  50  per  cent,  of  the  entire 
radiation  is  transmitted  by  a  layer  of  lampblack  which  is  per- 
fectly opakc  to  our  most  brilliant  artificial  lights.  Hence,  in  the 
case  of  lampblack,  while  accord  exists  between  the  periods  of  its 
atoms  and  those  of  the  light -exciting  waves,  discord,  to  a  consi- 
derable extent,  exists  between  the  periods  of  the  same  atoms  and 
those  of  the  extra-red  undulations. 

[To  be  continued.] 


LV.  Note  on  certain  statements  in  Elementary  Works  concerning 
the  Specific  Heat  of  Gases.    By  Professor  Doxkin,  F.R.S.* 

A  YOUNG  student  of  natural  science  showed  me  a  few  days 
ago  the  following  statement  in  Galloway^s  '  Second  Step 
in  Chemistry '  (London,  1864).  It  had  naturally  surprised  him, 
and  he  asked  for  an  explanation,  which  I  was  quite  unable  to 
give. 

"  From  the  calculations  of  Laplace  and  Poisson,  and  the  expe- 
riments of  Clement  and  Desormes,  of  De  la  Roche  and  Berard, 
and  of  Gay-Lussac  and  Dulong,  it  has  hitherto  been  assumed 
that  the  specific  heat  of  a  gas  under  a  constant  pressure  is 
always  greater  than"  the  specific  heat  under  a  constant  volume ; 
but  M.  Regnault  has  lately  found,  by  an  entirely  new  method, 
that  the  difference  between  the  two  kinds  of  specific  heat  is  either 
null  or  extremely  small."  (P.  585,  paragraph  1321.) 

This  paragraph  is  not  accompanied  by  any  note  or  reference, 
but  it  is  enclosed  in  inverted  commas,  and  I  soon  discovered  that 
it  is  a  translation  of  a  passage  in  Ganot's  Traite  elementaire  de 
Phijsique  (Paris,  1859).    See  p.  312,  end  of  paragraph  334. 

There  is  an  English  tianslation  of  Ganot,  in  which  the  same 
passage  occurs,  and  is  left,  as  it  is  in  the  original,  without  note 
or  comment. 

I  applied  for  further  information  to  some  of  my  scientific 
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friends,  and  Professor  Price  pointed  out  to  me  a  note  in  Jamin's 
Cows  de  Physique,  whicli  appeared  at  first  sight  to  assert  the 
equality  of  the  two  kinds  of  sj)ecific  heat.  The  probable  expla- 
nation of  it  (vide  infra)  was  suggested  to  me  by  Professor  H. 
Smith  and  Sir  B.  Brodie. 

At  p.  491,  vol.  ii.  of  Jamin's  book,  there  is  a  note  on  the  ve- 
locity of  sound.  If  V  be  the  velocity  calculated  on  the  suppo- 
sition that  pressure  is  proportional  to  density,  N  \/\+d  the  true 
velocity,  c  the  specific  heat  (or  "capacity ''  as  it  is  here  called) 
at  constant  pressure,  and  d  at  constant  volume,  the  ordinary 
theory  accepts  the  equation 

1+^=  " 


c 


In  the  note  referred  to,  Jamin  objects  to  this  equation  on  the 
ground  that  the  old  proof  of  it  involved  the  assumption  that  the 
temperature  of  a  gas  is  lowered  by  free  expansion.  After  de- 
scribing the  process  which  he  considers  to  imply  this  error,  he 
says,— 

"  Mais  ce  raisonnement  est  inexact.     Quand  un  gaz  se  dilate, 

il  est  vrai  c^' habituellement  il  se  refroidit,  mais  c/est  parce  qu'il 

produit  du  travail,  et  s'il  arrive  qu'on  le  dilate  en  le  faisant 

penetrer  dans  un  vase  vide,  il  ne  change  plus  de  temjierature 

(page  435).     Les  deux  capacites  sont  done  necessuirement  egales 

entre  elles.     Par  consequent,  Pequation  (/S)  est  vraie,  mais  elle 

c 
devicnt  fausse  si  I'on  y  remplace  1  +  ^  par  -j." 


(The  equation  (/3)  is  velocity  =V  \^\  +  d.) 

This  note  is  objectionable  in  several  respects.  In  the  first 
place,  it  is  not  a  safe  conclusion  that  a  result  is  false  because  it 
has  been  obtained  by  fallacious  reasoning.  Secondly,  although 
the  reasoning  objected  to  probably  did  contain,  in  the  minds  of 
its  first  authors,  the  fallacy  attributed  to  it,  it  is  capable  of  being 
so  interpreted  as  not  to  contain  it,  Thirdly,  the  modern  mecha- 
nical theory  of  heat  supplies  a  demonstration*  of  the  equation 

*  Let  p,  V,  p,  t,  h  be  the  pressure,  volume,  density,  temperature,  and 
actual  heat  of  a  unit  of  mass  of  gas.     Let  E=A/i  be  the  energy  which 

'    ,     dh 
would  have  to  be  spent  in  communicatnig  the  actual  heat  h,  and  let  c  ^  jt 

be  the  real  specific  heat  (or  specific  heat  at  constant  volume),  and  c  the 
specific  heat  at  constant  pressure.  Then  assuming  that  ^V= a  4-*^,  we 
shall  have 

pdY+\dp=ccdt (1) 

Suppose  the  gas  to  be  compressed  to  volume  V+dV  (dV  being  negative), 
then  dp,  dt  being  the  increments  of  pressiu'c  and  temperature,  the  incre- 
ment of  actual  heat  is  c'dt,  and  the  corresponding  energy  is  Ac'dt.     Now 
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1  +6=  —J,  which  can  only  be  objected  to  on  two  grounds — viz. 

that  some  (or  all)  of  the  quantities  assumed  as  constant  are  not 
rigorously  constant,  and  that  the  usual  mechanical  theory  of 
sound  is  not  rigorously  correct ;  and  both  objections  would  be 
irrelevant  to  the  present  purpose. 

Lastly,  the  assertion  that  "  the  two  capacities  are  necessarily 
equal,"  appears  at  first  sight  to  mean  that  c  and  c'  are  neces- 
sarily equal.  But  as  the  author  cannot  have  intended  to  deduce 
this  conclusion  from  a  fact  which  proves  that  c  and  c'  are  neces- 
sarily unequal,  it  is  probable  that  he  only  meant  to  say  that  when 
heat  is  spent  upon  a  given  quantity  of  gas,  how  much  of  it  goes 
to  make  the  gas  hot  depends  only  upon  the  change  of  tempera- 
ture. If  this  be  so,  the  language  used  is  very  inaccurate,  and 
almost  certain  to  mislead  an  ordinary  student. 

But,  whatever  Jamin  may  have  meant,  it  is  certain  that  Ganot 
really  did  mean  to  say  that  Regnault  had  proved  experimentally 
the  equality  (or  near  equality)  of  c  and  d.  And  neither  he  nor 
his  translator,  nor  the  author  of  the  '  Second  Step,'  have 
noticed  that  to  assert  this  equality  is  to  deny  the  conservation 
of  energy. 

It  may  be  conjectured  that  Ganot  had  somewhere  met  with 
the  statement  "  les  deux  capacites  sont  egales  entre  elles,"  in- 
tended in  the  non-natural  sense  suggested  above,  and  confirmed 


this  must  be  equal  to  the  whole  energy  spent  in  the  operation,  viz.  —pd\ ; 
for  if  the  gas  were  now  allowed  to  expand  freely  to  its  former  volume,  it 
would  retain  its  new  temperature,  while  nothing  would  have  been  spent 
except  the  work  of  compression.  Hence  —  pdW  —  \c' dt ;  and  combining 
this  equation  with  (1),  we  obtain  by  eliminating  dt, 

dp _  _«■+ Ac' dY_  /ON 

J~      ~A&~Y' ^  ' 

Next,  let  the  gas  (in  its  original  condition)  be  heated,  and  at  the  same  time 
allowed  to  expand  under  constant  pressure  p,  until  its  volume  becomes 
V+f/V  and  its  temperature  t  +  8t.  The  increment  of  actual  heat  will  be 
c'8t,  and  the  whole  energy  required  for  the  operation  will  therefore  be 
Ac'8t-\-pdV.  But,  by  the  definition  of  c,  the  whole  energj-  required  is 
Ac8f.  Hence,  since  in  this  case  (1)  gi\es  pdV=»8t  (for  dj)  =  0),  we  have 
{Ac'-^u)8t  =  Ac8t,  or  Ac'  +  ec=Ac;  hence  from  (2), 

dp  _  _  c  d\  _  c  dp 
p  c'    V       C  p ' 

c 
of  which,  according  to  the  ordinai*y  theory  of  sound,  the  equation  1  +  o=  -, 

is  a  consequence. 

It  is  hardly  necessary  to  add  that  this  demonstration  is  ouly  given  for 
convenience  of  reference,  and  not  as  containing  anything  new. 
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in  that  sense  by  some  experiment  of  Regnault's,  that  he  took  it 
in  its  natural  sense,  and  transferred  it  to  his  book. 

The  character  of  elementary  scientific  books  has  become  a 
matter  of  great  importance  since  the  recognition  in  our  old 
Universities  of  physical  studies  as  instruments  of  education.  It 
is  for  this  reason  alone  that  I  have  thought  it  worth  while  to 
offer  these  remarks  for  publication  in  the  Philosophical  Magazine. 

Oxford,  October  27.  I8(i4. 


LVL   O71  the  Nomenclature  of  the  Physical  Sciences. 
By  C.  J.  Monro*. 

IN  a  paper  lately  published  in  the  Philosophical  Transactions, 
Professor  Thomson  has  called  the  Astronomer  Royal  a  natu- 
ralist. It  would  not  be  more  inconsistent  with  English  usage 
to  call  him  a  physician ;  but  the  most  startling  innovation 
seemed  better  than  to  call  anybody  a  natural  philosopher.  What- 
ever is  or  ought  to  be  the  meaning  of  philosophy,  it  has  nothing 
to  do  with  special  branches  of  science.  To  use  the  word  in  this 
manner  is  to  do  violence  to  its  history,  and  is  inconsistent  with 
its  modern  application  in  other  connexions. 

But  I  venture  to  think  that  the  reform  leaves  untouched  the 
most  serious  vice  of  the  misnomer.  If  philosophy  is  more  grossly 
misused  in  the  substantive,  nature  is  more  gravely  misused  in 
the  adjective.  Even  as  far  as  it  goes,  the  advantage  of  the 
change  is  not  unqualified:  by  rescuing  the  word  philosophy  from 
its  misuse  in  the  term  natwal  philosophy,  we  shall  sacrifice  the 
distinction  between  natural  philosophy  and  natural  history.  The 
distinction  is  ill  expressed  indeed,  and  even,  if  I  rightly  under- 
stand the  usage  on  the  subject,  inaccurately  drawn ;  but  it  is 
real  at  bottom.  Natural  history  describes  things,  to  speak 
roughly,  as  they  come  :  it  comprehends  the  typical  examples  of 
what  Dr.  Whewell  calls  the  classificatory  sciences.  Natural  phi- 
losophy analyzes  its  object ;  but  perhaps  because  we  have  a  good 
deal  restricted  our  view  to  a  particular  kind  of  analysis,  mathe- 
matical analysis,  it  is  assumed  that  its  object  consists  exclusively 
of  things  without  life. 

However,  the  whole  system  is  in  confusion.  In  the  classifica- 
tion of  the  physical  sciences  we  meet  the  word  nature,  or  the  cor- 
responding Greek  word  in  different  forms,  of  which  none  sug- 
gests its  own  meaning  much  more  than  the  meaning  of  any 
other. 

In  the  first  place  we  have  the  general  term  physical  science, 
or,  as  Mr.  Faraday  apparently  prefers  to  say,  natural  knowledge. 
*  Commimicjited  by  the  Author. 
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Under  physical  science  we  have  the  subdivisions  natural  history, 
physiology,  and  natural  philosophy.  I  do  not  say  these  are 
exactly  conterminous ;  probably  they  are  not  all  invariably  used 
in  quite  the  same  senses.  Anatomy  might  sometimes  be  ad- 
mitted into  one  of  them,  and  sometimes  not.  But  all  would  be, 
at  first  sight,  terms  as  general  as  physical  science  itself;  and 
physiology,  which  is  in  fact  the  most  restricted,  is  in  form  the 
most  general  of  the  three.  Again,  natural  philosophy  has  for  its 
principal  subdivision  physics,  a  term  apparently  more  general 
than  any  we  have  yet  met  with. 

That  is  to  say,  the  science  of  nature  is  divided  into  history  of 
nature,  discourse  of /m^wre,  and  philosophy  of  nature;  and  the 
philosophy  of  nature  is  divided,  let  us  say,  into  chemistry  and 
naturals.  Considering  that  these  sciences  differ  at  least  as  much 
in  their  objects  as  in  their  methods,  and  that  no  one  would  ever 
think  of  dividing  science  into  history,  discourse,  and  philosophy, 
we  may  ask  whether  confusion  could  go  further  than  this. 
Something  like  it  might  be  found  in  Blackstone;  elsewhere 
hardly. 

I  shall  not  examine  the  history  of  these  phraaes.  One  of 
them,  however  {physics),  the  most  unmeaning  as  it  stands,  but 
the  most  defensible  in  its  origin,  it  is  worth  while  to  observe, 
because  it  suggests  a  practical  lesson  in  the  art  of  nomenclature 
which  may  be  useful  if  the  present  system  is  to  be  reformed.  As 
the  word  seems  to  exclude  chemistry,  I  suppose  it  is  short  for 
mathematical  physics.  Now  this  term,  though  clumsy,  is  per- 
fectly correct  if  we  accept  the  more  general  use  of  the  word 
physical;  for  it  suggests  exactly  what  it  denotes,  that  part  namely 
of  physical  science  which  can  be  treated  mathematically.  The 
inconvenience  of  it  is  that  it  expresses  its  differentia  in  a  word 
five  syllables  long;  and  now  that  this  is  dropped,  we  apply  the 
name  of  the  summum  genus  to  an  injima  .species.  The  moral  is 
that  an  essential  part  of  a  compound  term  should  not  be  ex- 
pressed by  an  adjective  five  syllables  long. 

There  is  scarcely  a  chance  of  the  general  adoption  of  any 
reform  deliberately  suggested,  especially  if  the  suggestion  comes 
with  no  sort  of  authority ;  but  it  is  worth  while  at  least  to  con- 
sider the  materials  we  have  to  dispose  of. 

The  words  physic,  physical,  physiology,  come  from  the  Greek 
representatives  of  a  root  which  expresses  growth.  Natural  comes 
from  a  root  which  has  been  used  for  scientific  purposes  in  Latin 
as  the  equivalent  of  the  other.  But  the  idea  of  growth  has  been 
applied  m  two  ways. 

First,  to  things  which  are  the  subjects  of  generation  proper — 
plants  and  animals. 

Secondly,  to  things  which  are  the  subjects  of  generation  in  a 
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wide  and  metaphorical  sense.  In  this  application  it  was  very 
early  contrasted  with  artificial  creation  ;  but  in  later  times,  per- 
haps under  the  influence  of  Plato,  the  Greek  derivatives  have 
more  emphatically  suggested  a  contrast  with  things  supposed  to 
be  above  growth,  not  below  it,  with  things  eternal.  Hence  the 
antithesis  of  moral  and  physical,  even  mental  and  physical. 

It  is  in  the  first  application  that  we  speak  of  physiology,  and 
perhaps  of  natural  history ;  all  the  other  terms  above  mentioned 
belong  to  the  second  application. 

Our  materials  would  be  most  economically  turned  to  account 
by  using  the  word  natura  in  the  second  and  wider  application, 
and  phy'sis  in  the  first  and  narrower  one.  But  there  would  be 
something  arbitrary  in  the  selection,  and  it  would  be  the  formal 
abandonment  of  perhaps  the  oldest  generalization  in  philosophy. 

The  only  practicable  consistent  system  would  consist  in  using 
both  natura  and  phi/'sis  in  the  wider  application ;  to  preserve, 
that  is,  the  iphrases  physical  and  natural  science  ov  knowledge,  and 
to  find  other  terms  for  the  subdivisions.  But  then  what  are  we 
to  do  with  physiology  ?  It  would  probably  be  necessary  to  keep 
biology,  although,  as  it  ought  properly  to  mean  the  science  of 
lives,  lifetimes,  or  livelihoods,  it  is  not  very  good  Greek  for  the 
science  of  life ;  zoology  has  been  appropriated  as  the  science  of 
zoa,  animals.  But  the  main  division  of  the  province  was  ex- 
pressed in  old  times  by  the  words  empsycha  and  dpsycha,  corre- 
sponding to  our  correct  but  less  manageable  adjectives  organic 
and  inorganic.  I  see  no  good  reason  against  empsychology  and 
apsychology :  the  words  are  long,  but  easily  pronounced  and 
easily  contrasted  by  their  accentuation.  For  a  different  reason, 
apsychology  might  not  be  currently  used — namely,  because  it  is  a 
negative  word;  it  would  not,  in  fact,  be  necessary  to  use  it 
so  often. 

Apsychology  would  approximately  coincide  with  natural  phi- 
losophy. It  remains  to  consider  its  ])rincipal  species,  physics. 
This  term  is  the  easiest  replaced  of  all.  I  propose  a  reform 
which  would  have  the  advantage  of  rescuing  another  word  from 
a  sense  in  which  I  contend  it  is  used  improperly  at  present.  It 
is  not  quite  true,  as  I  shall  show,  that  this  section  of  physical 
science  is  distinguished  by  its  mathematical  treatment.  But 
what  does  distinguish  it  is  the  idea  of  force  conceived  as  funda- 
mentally the  same  throughout  it.  I  would  therefore  call  it  dyna- 
mics. That  dynamics  is  used  already  in  a  more  restricted  sense 
in  opposition  to  statics,  is  a  reason  in  favour  of  the  change ;  for 
it  is  wrongly  so  used.  The  idea  of  force  is  common  to  statics 
and  "  dynamics  ;"  what  distinguishes  "  dynamics  "  is  the  idea  of 
motion.  It  should  be  called  cinef.ics.  This  word  may  seem 
tainted  with  the  heresy  condemned  by  Sir  John  Herschel  at  the 
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opening  of  the  eighth  chapter  of  his  'Astronomy/  But  I  am 
not  questioning  the  reality  of  force ;  I  merely  object  to  its  giving 
a  name  to  a  single  subdivision  of  the  science  concerned  with  it, 
As  the  number  of  the  convertible  forms  of  force  increases,  dyna- 
mics will  tend  to  swallow  up  apsychology  and  will  extend  far  into 
empsychology.  But  by  that  time  the  nomenclature  will  be 
ready  for  reform  again.  At  present,  what  I  should  call  dynamics 
scarcely  embraces  chemistry,  because  it  is  not  yet  determined,  I 
believe,  what  in  the  latter  science  is  the  analogue  of  the  other 
forms  of  force. 

It  must  be  admitted  that  the  adoption  of  such  a  term  as 
empsychology  would  somewhat  di^^turb  the  modern  use  of  one  of 
the  most  famous  words  in  the  philosophical  vocabulary :  1  mean 

the  word  psyche.     But  in  Greek,  1  believe,  of  all  ages.  Pagan, 

Jewish,  and  Christian,  psyche  comprehends  animal  life,  and  in 
Aristotle  it  comj)rehends  vegetable  life.  And  though  (again  I 
suppose  under  the  influence  of  Blato)  psychology  is  especially 
contrasted  with  physics,  this  is  because  we  are  more  Platonic 
than  Plato.  All  or  every  life  may  be,  as  he  says,  immortal,  un- 
born, and  indestructible;  but  in  the  classical  passage  where  he 
says  it  is  all  this,  he  applies  the  word  phy'sis  to  it,  and  the  church 
accepted  the  application  to  more  mysterious  essences  still.  What- 
ever else  the  object  of  psychology  may  be,  it  is  certainly  some- 
thing that  grows,  and  its  method,  so  far  as  it  has  one,  is  the 
method  of  the  physical  sciences.  The  science  of  language  is 
part  of  psychology,  and  Mr.  Max  Miiller  claims  a  position  for 
it  among  the  physical  sciences.  If  this  is  conceded,  the  theory 
of  chances  should  take  its  ])lace  as  the  mathematical  department 
of  psychology,  and  as  another  of  the  physical  sciences.  It  would 
be  mathematical  physics,  but  of  course  not  dynamics.  Psycho- 
logy would  sound  awkward,  as  I  have  admitted,  by  the  side  of 
empsychology,  or  as  a  subdivision  of  it ;  I  should  prefer  to  speak 
of  mental  science,  and  contrast  it  with  material  science :  but  I 
think  the  awkwardness  would  not  be  intolerable;  it  would  be 
nothing  to  the  present  anomalies. 

This  extension  of  the  term  physics  would  be  the  rectification 
of  another  frontier,  that  of  metaphysics.  Metaphysics  will  always 
be  contrasted  with  physics,  without  reference  to  the  history  of 
the  former  word,  or  to  the  exact  sense  of  the  Greek  preposition. 
Accordingly  it  is  now  often  confounded  with  psychology.  But 
as  soon  as  psychology  or  mental  science  is  understood  to  be  a 
part  of  physical  science,  metaphysics  may  be  kept  without  diffi- 
culty to  its  proper  sense,  the  science  of  existence  as  such. 
Whether  there  is  such  a  science  or  not,  is  a  distinct  question  : 
those  who  think  there  is,  whether  right  or  wrong,  will  want  the 
word;  and  so  v»nll  those  who  wish  to  contradict  them. 
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It  would  be  too  much  to  expect  that  even  one  of  my  sugges- 
tions will  be  adopted ;  but  I  hope  that  somebody  will  make 
better  ones.  Of  one  thing  I  am  pretty  sure,  that  no  one  will 
say  that  the  present  state  of  things  is  not  disgraceful.  I  know 
it  is  easy  to  overrate  tbe  importance  of  such  matters,  but  I  think 
it  is  also  easy  to  underrate  it. 

Hadley,  Middlesex. 


LVII.  On  Tasmanite,  a  new  Mineral  of  Organic  Origin.  By 
Arthur  H.  Church,  M.A.  Oxon.,  Professor  of  Chemistry, 
Royal  Agricultural  College,  Cirencester^. 

IN  the  Tasmanian  Court  of  the  International  Exhibition  of 
1862j  a  very  remarkable  kind  of  fuel  was  shown  by  the 
"  Dysodile  Company  ";  it  was  catalogued  as  "  resiniferous  shale." 
In  the  Jerniyn  Street  Museum  of  the  School  of  Mines  a  speci- 
men of  the  same  mineral  is  termed  "  Combustible  Shale,  River 
Mersey,  north  side  of  Tasmania. '^  In  the  British  Museum  the 
specimen  is  unlabelled. 

I  have  now  completed  the  investigation,  begun  in  18G2,  of 
this  mineral,  and  in  the  present  communication  give  the  chief 
I'esults  of  my  experiments. 

The  true  dysodile  from  Glimbach  near  Giesscn,  analysed  by 
Delesse,  does  not  seem  to  be  identical  either  in  chemical  or  phy- 
sical constitution  with  the  Tasmanian  mineral.  I  shall,  how- 
evei',  investigate  this  point  fully  if  I  am  successful  in  obtaining 
a  sufficient  supply  of  the  true  dysodile,  which  is  said  to  occur  at 
Mellili  near  Syracuse,  and  at  Salzhaufen  in  Hessia. 

The  so-called  resiniferous  shale  is  distinctly  laminated,  the 
organic  matter,  which  occurs  in  scales,  being  disposed  in  planes 
parallel  to  the  lamination,  and  probably  causing  it.  These 
scales  are  of  a  reddish-brown  colour,  and  form  from  30  to  40 
per  cent,  of  the  rock.  Their  shape  may  be  best  judged  of  by 
the  accompanying  figures, —  1,  2,  and  3  representing  the  aspect 
of  the  scales  as  viewed  from  above,  4,  5,  and  6  their  appearance 
as  seen  edgewise. 

The  average  diameter  of  the  disks  is  about  '03  of  an  inch, 
while  their  thickness  at  the  centre  is  sometimes  as  much  as  '007. 

Separation  of  the  Organic  Substance. — As  none  of  the  ordinary 
solvents  of  resinoids  and  similar  bodies  seemed  capable  of  dissol- 
ving out  the  carbonaceous  constituent  of  the  mineral,  the  fol- 
lowing plan  of  ejGFecting  the  separation  was  adopted.  A  large 
quantity  of  the  mineral  was  crushed  to  a  coarse  pov/der,  placed 

*  Commnnicated  by  the  Author. 
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in  a  Phillips's  precipitating-glass,  and  strong  hydrochloric  acid 
poured  upon  it.  A  trace  of  carbonic  anhydride  was  thus  set 
free  from  the  small  quantity  of  carbonate  of  calcium   present, 


while  the  alumina  and  ferric  oxide  of  the  mineral  were  partly 
dissolved.  These  chemical  actions  served  to  break  up  the  mine- 
ral, and  the  organic  '  scales '  became  for  the  most  part  disen- 
gaged, and  floated,  owing  to  the  high  gravity  of  the  hydrochloric 
solution,  which  had  been  further  increased  by  the  addition  of 
chloride  of  calcium.  The  scales  were  collected  from  the  surface 
by  a  strainer,  and  washed  repeatedly  by  decantation;  by  this 
method  of  purification  the  inorganic  matter  in  them  was 
reduced  to  a  minimum. 

The  substance  thus  prepared  presents  such  remarkably  dis- 
tinct chemical  and  physical  characters,  that  I  venture  to  assign 
to  it  a  distinct  name,  Tasmanite. 

I  have  already  described  the  mode  of  occurrence  and  the  phy- 
sical appearance  of  the  Tasmanite  scales ;  the  action  of  certain 
chemical  reagents  and  of  heat  upon  this  substance  may  now  be 
recorded :  I  should  mention  that  the  density  of  the  substance  is 
about  1*18 ;  its  hardness  2.  It  is  translucent,  of  a  reddish-brown 
colour.     Lustre  resinous,  and  fracture  conchoidal. 

Hydrochloric  acid  has  no  action  on  Tasmanite ;  nitric  acid 
slowly  oxidizes  it,  disengaging  carbonic  acid  and  pernitric  oxide, 
while  the  sulphur  appears  as  sulphuric  acid.  If  the  action  of 
the  nitric  acid  be  stopped  before  all  the  substance  has  disap- 
peared, the  residue  will  be  an  orange-brown  powder,  which 
burns  still  more  readily  than  Tasmanite,  but  it  is  not  explosive. 
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Sulphuric  acid  readily  carbonizes  Tasmanite,  torrents  of  sulphu- 
rous anhydride  being  disengaged  at  the  same  time. 

Aqueous  solutions  of  the  alkalies  appear  to  be  without  action 
on  Tasmanite. 

Alcohol,  ether,  bisulphide  of  carbon,  benzole,  turpentine, 
mineral  turpentine,  and  paraffine  oil  do  not  appear  to  exert  the 
least  solvent  action  upon  Tasmanite,  even  on  the  application  of 
heat :  the  result  might  be  different  under  an  increased  pres- 
sure. 

When  Tasmanite  is  heated  in  the  air,  it  burns  readily  with  a 
very  smoky  flame  and  offensive  odour.  Submitted  to  destructive 
distillation,  it  fuses  partially  and  yields  oily  and  solid  products 
having  a  disagreeable  smell,  recalling  that  of  some  specimens  of 
Canadian  petroleum.  One  is  tempted  to  suggest  that  the  natural 
rock-oils  may  in  some  instances  originate  in  the  action  of  heat 
upon  substances  similar  to  Tasmanite  shale. 

Composition  of  Tasmajiite. — Qualitative  analysis  of  Tasmanite 
showed  it  to  contain  not  only  a  large  quantity  of  carbon  and  hy- 
drogen, but  also  a  very  considerable  proportion  of  sulphur ;  and 
it  was  found  that  the  most  careful  mechanical  treatment  of  the 
specimens  failed  to  separate  from  them  completely  the  mineral 
impurities.  That  the  sulphur  detected  was  an  integral  part  of 
the  carbonaceous  matter  itself,  and  was  not  owing  to  the  presence 
of  an  inorganic  sulphide  or  sulphate,  was  proved  in  several  ways, 
and  was  further  confirmed  by  the  observation  that  the  more 
completely  the  mineral  matter  had  been  removed,  the  more  sul- 
phur was  found  in  the  specimen  of  Tasmanite  operated  upon. 

I  am  indebted  to  my  friend  Mr.  W.  H,  Ferkin  for  the  first 
four  of  the  following  analyses  of  purified  Tasmanite.  In  Nos.  I., 
II.,  and  III.  the  substance  was  burnt  in  a  current  of  air,  and 
finally  of  oxygen,  the  sulphurous  acid  being  absorbed  by  binoxide 
of  lead;  in  analysis  IV^.  the  combustion  was  performed  with 
chromate  of  lead.  In  analysis  V.  to  XI.  the  sulphur  or  the  ash 
were  alone  determined.  The  sulphur  was  obtained  by  oxidizing 
the  mineral  with  strong  nitric  acid  and  bichromate  of  potassium 
in  a  capacious  flask,  diluting  largely  with  water  when  complete 
solution  had  been  effected,  filtering  to  separate  the  silica  of  the 
ash,  and  precipitating  with  nitrate  of  barium.  After  standing- 
twelve  hours,  the  precipitated  sulphate  of  barium  was  collected, 
washed  completely,  and  ignited  with  the  usual  precautions.  In 
analysis  V.  the  sulphur  was  oxidized  by  means  of  the  gradual 
addition  of  chlorate  of  potassium  instead  of  bichromate  to  the 
mixture  of  nitric  acid  and  Tasmanite.  The  mineral  must  be 
completely  destroyed  and  dissolved  in  order  to  extract  the  whole 
of  the  sulj)hur.  The  two  preparations  submitted  to  analysis  are 
distinguished  as  a  and  h. 
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I.   "4288  grm.'of  substance  gave  1'146G  grm.  carbonic 
acid  and  0"0354  grm.  ash.    ■ 
II.   '3535  grm.  of  substance  gave  '3049  grm.  water  and 
•0284  grm.  ash. 

III.  '3087  grm.  of  substance  gave  '2729  grm.   water  and 
•0248  grm.  ash. 

IV.  -3668  grm.  of  substance  gave  '9796  grm.  carbonic  acid 
and  '315  grm.  water. 

V.  "4785  grm.  of  substance  gave  '175  grm.  of  sulphate  of 
barium. 

VI.  '5125  grm.  of  substance  gave  "041  grm.  of  ash. 

VII.  6'16  grains  of  substance  gave  2*12  grains  of  sulphate 
of  barium. 

VIII.  '337  grm.  of  substance  gave  •121  grm.  of  sulphate  of 
barium. 

IX.  '654  grm.  of  substance  gave  '2302  grm.  of  sulphate  of 
barium. 

X.  '421  grm.  of  substance  gave  -0525  grm.  of  ash. 
*-  XI.  '482  grm.  of  substance  gave  •0580  grm.  of  ash. 

These  results  correspond   to  the  following  percentage  num- 
bers:— 


I. 

II. 

III. 

IV. 

V. 

VI.  VII. 

VIII 

IX. 

X. 

XI. 

Carbon    

Hydrogen  ... 

Sulphur 

Ash  

72^92 
"8-25 

9-58 

s'-os 

9'82 

s-os 

72-83 
9-54 

4-97 

8-00 

4^72 

4-93 

4-83 

12-47 

12-03 

The  following  are  the  mean  percentages,  rejecting  the  hydrogen 
of  analysis  III.  as  evidently  too  high  : — 

Carbon  .  .  .  72-88 
Hydrogen  .  .  9'56 
Sulphur  .  .  .  4-90 
Ash  («)...     8-14    {b)  12^24 

Before  these  numbers  can  be  taken  to  represent  the  centesimal 
composition  of  pure  Tasmanite,  they  require  recalculation  after 
deduction  of  the  ash,  which  is,  without  doubt,  an  accidental  im- 
purity. This  ash  mainly  consists  of  silica  and  alumina;  it  con- 
tains also  a  small  quantity  of  ferric  oxide  and  of  some  soluble 
sulphate,  this  latter  compound  being  derived  in  all  probability 
from  the  oxidation  of  the  sulphur  contained  in  the  Tasmanite 
proper.  Since  this  ash  has  almost  exactly  the  same  composition 
as  the  shaly  rock  in  which  the  grains  of  Tasmanite  occur,  we  may 
directly  subtract  it  without  uitroducing  any  appreciable  error. 
The  percentages  deduced  from   analyses  I.  to  IV.  are    given 
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below  after  deduction  of  the  mean  percentage  of  ash,  8*14; 
analysis  V.  after  deduction  of  8  per  cent,  of  ash  ;  and  analyses 
VII.  to  XI.  after  deduction  of  12-24  per  cent,  of  ash. 


Carbon     .     .     .     . 

79-34 

Hydrogen      .     .     . 
Sulphur    .     .     .     . 
Oxygen  (by  dilBF.)    . 

10-41 
5-32 
4-93 

These  numbers  may  fairly  be  taken  as  representing  the  cente- 
simal composition  of  Tasmanite ;  the  most  noteworthy  point  re- 
garding them  is  the  high  percentage  of  sulphur.  Tasmanite  is, 
I  believe,  the  first  carbonaceous  mineral  which  has  been  found  to 
contain  a  large  amount  of  sulphur  in  combination,  not  with  a 
metal  as  in  pyritic  coal,  but  in  intimate  union  with  the  carbon 
and  hydrogen  of  the  substance.  It  would  seem  to  be  allied  to 
retinite,  although  that  mineral  contains  no  sulphur;  yet  the 
chief  constituent  of  many  specimens  of  retinite  yields,  on  ana- 
lysis, percentages  of  carbon  and  hydrogen  almost  exactly  the 
same  as  those  just  recorded.  The  formula  CioiP6  0,orC40H64  0'», 
has  been  suggested  for  retinite.  A  similar  formula,  in  which 
sulphur  is  inti'oduced,  requires  nearly  the  same  percentages  as 
those  yielded  in  the  analysis  of  Tasmanite  : — 

Experiment.  Theory,  C^"  11''='  0=,  S. 
Carbon  .     .     .     79-34  79-21 

Hydrogen  .     .     10-41  10-23 

Sulphur      .     .       5-32  5-28 

Oxygen.     .     .       4-93  5-28 

100-00  100-00 

It  will  be  seen  that  the  experimental  percentages  of  carbon  and 
hydrogen  are  a  little  higher  than  the  theoretical :  as  one  can 
easily  account  for  this  excess  in  the  case  of  a  substance  which  is 
hygroscopic  and  contains  sulphur,  I  have  been  led  to  prefer  the 
suggested  formula  to  one  or  two  others  which  demand  a  higher 
percentage  of  carbon  and  hydrogen.  The  sulphur  determina- 
tions are  accordant ;  but  there  is  an  apparent  deficiency  of  oxygen 
— 4-93  per  cent,  instead  of  5-28.  If,  however,  we  accept  the 
theoretical  percentages  of  carbon  and  hydrogen  and  the  experi- 
mental percentage  of  sulphur,  we  arrive,  by  difference,  at  the 
following  percentage  of  oxygen  : — 

Experiment.  Theory,  C^"  H«-  O^,  S. 

Oxygen      .     .     .     5-24  "  5-28 

Sulphur     .     .     .     5-32  5-28 

If  we  accept  the  formula  C^o  H^''  0^  and  C^o  H^^  0^,  S  for 
pure  retinite  and  for  Tasmanite  respectively,  we  may  compare 
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thein  by  assuming  the  latter  mineral  to  differ  from  the  former 
only  by  containing  H^  0  less,  and  by  the  presence  of  1  atom 
of  S  in  lieu  of  1  atom  of  0 : — 

C40H62O3  +  H2O.     .     .     .     Retinite. 
C40H62O2S Tasmanite. 

To  suggest  a  rational  formula  for  the  remarkably  complex 
molecules  of  retinite  and  Tasmanite  may  seem  premature ;  but  it 
is  possible  that  in  these  minerals  we  have  the  hydrated  oxide 
(retinite  gives  off  water  when  heated)  and  the  anhydrous  sul- 
])hide  respectively  of  an  oxygenated  radical,  C^^Ii^'  0 — 

(320  JJ3I  Q  r  O  +  Aq     Itetmite. 


pon^T:^l/-^  VS  Tasmanitc. 


;20]piO/' 


These  minerals  may  be  derivatives  of  a  turpentine,  C^  H^*; 
or  the  radical  I  have  assumed  them  to  contain  may  be  a  homo- 
logue  of  benzoyle, 

C7H5  0  +  13CH2  =  C^oH3io. 


LVIII.   On  the  History  of  Force.     By  Dr.  C.  K.  Akin*. 

IN  the  Number  of  the  Philosophical  Magazine  for  October 
last  (j).  289),  Professor  Guthrie  Tait  repeats  an  assertion 
already  made  by  him  upon  two  previous  occasions,  first  in  the 
Philosophical  Magazine  (see  vol.  xxv.  p.  429,  1863),  and  next 
in  the  Proceedings  of  the  lloyal  Society  of  Edinburgh  (see 
No.  59,  p.  122),  that  "Newton  had  completely  enunciated  the 
Conservation  of  Energy  in  ordinary  mechanics;"  and  in  another 
jjortion  of  the  same  Number  of  this  INIagazine  (p.  311),  Professor 
Bohn  cites  passages  from  the  writings  of  Descartes  and  John 
Bernoulli  bearing  on  the  same  question  of  the  Conservation  of 
Force  also.  For  nearly  two  years,  I  have  been  engaged  at  inter- 
vals in  collecting  materials  for  a  History  of  the  Philosophy  of 
Force,  but  which  circumstances  now  oblige  me  to  lay  for  a  while 
aside.  I  am  thus  induced  to  publish  meanwhile  part,  at  least,  of 
what  little  I  have  hitherto  discovered  that  is  new  or  interesting, 
in  the  Philosophical  Magazine  ;  for  doing  which  the  publications 
above  referred  to  at  present  afford  me  an  additional  incentive. 

I.   On  the  Conservation  and  Convey-sion  of  Force. 
1.  Prof.  Tait  rests  the  claims  which  he  advances  in  behalf  of 
Newton,  on  the  following  passage  from  the  scholiutn  to  the  Third 
Law  of  Motion,  in  Newton's  Principia  : — 

*  Comrauuicatcd  bv  the  Author. 
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"  Si  sestimetur  agentis  actio  ex  ejus  vi  et  velocitate  conjunctim, 
et  similiter  resistentis  reactio  sestimetur  conjunctim  ex  ejus  partium 
singularum  velocitatibus  et  viribus  resistendi  ab  earum  attritione, 
cohaesione,  pondere,  et  acceleratione  oriundis  ;  erunt  actio  et  reactio 
.  .  .  sibi  invicem  semper  eequales." 

The  dots  (. . .),  indicating  an  elision,  stand  for  thewords  in  omni  in- 
strumentorum  usu.  Now,  I  cannot  help  thinking  that  the  omis- 
sion of  these  words  completely  alters  the  meaning  of  the  above 
passage.  Newton,  in  the  passages  preceding  the  above,  is  bent 
upon  showing  that  the  effective  force  of  a  moving  system  may 
be  measured  by  its  momentum  [mv) ;  and  he  states  that  this  as- 
sumption is  proved  by  the  fact  that,  in  machines,  the  moving 
force  may  be  so  estimated, — the  velocity  being  always  inversely 
proportional  to  the  mass  or  inertia,  after  the  resistance  has  been 
subtracted.  '^Cseterum  mechanicam  tractare,"  Newton  adds,  "non 
est  hujus  iustituti.  Hisce  volui  tantura  ostendere,  quam  late 
pateat  quamque  certa  sit  lex  tertia  motus,"  i.  e.,  that  action  is 
always  opposed  by  an  equal  reaction.  Yet  this  law,  however 
important,  cannot  but  be  considered  as  a  corollary  from,  rather 
than  equivalent  to,  the  principle  of  the  conservation  of  force  itself. 
Moreover,  in  the  same  scholium  occurs  a  passage  relative  to  the 
state  of  imperfectly  elastic  bodies  after  collision,  which  will 
scarcely  be  considered  to  favour  the  advocacy  of  Prof.  Tait : — 

"  A  congressu  et  collisione  corporum  nunquam  mutabatur  quan- 
titas  motus,  quae  ex  summa  motuum  conspirantium  et  differentia 
contrariorum  colligebatur  ....  Porro  ne  quis  obji;ciat  regulam  .... 
prccsupponere  corpora  vel  absolute  dura  esse,  vel  saltern  perfecte 
elastica  ....  addo  quod  ...  si  regula  ilia  in  corporibus  non  perfecte 
duris  tentanda  est,  debebit  solummodo  reflexio  minui  in  certa  pro- 
portione  pro  quantitate  vis  elasticse." 

How  does  Newton  account  for,  in  this  case,  the  velocities  lost  ? 
But  doubtful,  if  not  impossible,  as  Newton's  authorship  of  the 
principle  in  question  appears  from  the  above  passages.  Query 
31  in  his  'Optics'  will  be  found  still  less  compatible  with  it. 
Perhaps  the  remark  of  John  Bernoulli  concerning  parts  of  this 
query — "  ridiculum  dicerem,  si  a  tanto  Viro  non  scripta  essent " 
[Opera,  vol.  iii.  p.  253) — may  be  rather  too  severe,  yet  its  con- 
tents will  be  found  difficult  to  reconcile  with  the  assertion  of 
Prof.  Tait  :— 

"  Some  other  principle  [than  inertia]  was  necessary  for  putting 
bodies  into  motion ;  and  now  they  are  in  motion,  some  other  prin- 
ciple is  necessary  for  conserving  the  motion.  For  ....  it  appears, 
that  motion  may  be  got  or  lost.  But  ....  motion  is  more  apt  to  be 
lost  than  got,  and  is  always  upon  the  decay.  For  ....  if  two  equal 
bodies  \_e.  g.~\  meet  directly  in  vacuo,  they  will,  by  the  laws  of  motion, 
stop  where  they  meet,  and  lose  all  their  motion  .  .  .  unless  they  be 
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elastick.  ...  If  it  be  said,  that  they  can  lose  no  motion,  but  what  they 
communicate  to  other  bodies,  the  consequence  is,  that  in  vacuo  they 
must  go  on  and  penetrate  one  another's  dimensions.  .  .  .  Seeing  there- 
fore the  variety  of  motion,  which  we  find  in  the  world,  is  always  de- 
creasing, there  is  a  necessity  of  conserving  and  recruiting  it  by  active 

jirincijjles ;  such  as  are  the  cause  of  gravity and  the  cause  of 

fermentation." 

I  trust  I  shall  be  able  to  cuter  more  fully  upon  some  future 
occasion  into  a  consideration  of  these  statements  of  Newton, 
which  are  followed  by  others  no  less  remarkable. 

2.  With  regard  to  Prof.  Bohn's  extracts,  I  would  observe  that 
both  the  principles,  of  the  conservation  of  energy  or  motion,  and 
of  force,  owe  their  first  enunciation  in  a  scientific  form — at  least, 
as  regards  particular  instances — to  Huyghens.  It  was  Huyghens 
who,  in  the  Journal  des  Savants  for  March  1699  (vol.  ii.  p.  534), 
first  stated  the  following  laws  regarding  the  collision  of  perfectly 
elastic  bodies : — 

(i)  "La  quantite  du  mouvement  qu'ont  deux  corps,  se  peut  aug- 
menter  ou  diminuer  par  leur  rencontre";  mais  il  y  reste  toujours  la 
meme  quantite  vers  le  meme  cote,  en  soustrayant  la  quantite  du 
mouvement  contraire."  (2)  "  La  somme  des  produits  faits  de  la 
grandeur  de  chaque  corps  dur,  multiplie  par  le  quarre  de  sa  vitesse, 
est  toujours  la  m6me  devant  et  apres  la  rencontre." 
(See  also  Phil.  Trans,  vol.  iv.  p.  927.)  In  Huyghens's  posthu- 
mous dissertation,  De  Mutu  Corporum  ex  Percussione  [Oper.  rel. 
vol.  ii.),  the  second  of  the  two  propositions  quoted  is  reproduced ; 
but  of  the  first  proposition  only  one-half  is  given,  in  these 
words  (p.  84) : — 

(3)  "  Corporibus  duobus  sibi  mutuo  occurrentibus  non  semper 
post  impactum  eadem  motus  quantitas  in  utroque  simul  sumpto 
conservatur  quaj  fuit  ante,  sed  vel  augeri  potest  vel  minui." 

It  is  to  this  and  the  subsequent  propositions  that  Bernoulli, 
wishing  to  disprove  the  anti-Lcibnitzian  estimate  of  force,  refers 
in  saying  {Opera,  vol.  iii.  p.  254), 

"  Observatura  est  a  multis,  praesertim  ab  Hugenio motus 

quantitatem,  etiam  in  corporibus  perfecte  elasticis,  in  immensum 
posse  augeri  et  minui." 

And  it  is  apparently  with  the  very  same  object  as  that  which 
Bernoulli  had  in  view  that  Huyghens,  who  had  adopted  Leibnitz's 
measure  of  force,  in  reproducing  his  proposition  in  the  treatise  last 
quoted,  omits  that  other  portion  which  he  had  appended  to  it  in 
the  French  journal.  However,  as  is  well  known,  the  whole  of 
proposition  (1)  is  perfectly  correct* ;  and  proposition  (3)  appears 

*  Cf.  Cor.  3  to  Newton's  Third  Law  of  Motion  :— "  Quantitas  motus 
quae  coUigitur  capiendo  summam  motuum  factorum  ad  eandem  partem, 
et  differentiam  factonim  ad  contrarias,  non  mutatur  ab  actione  corporum 
inter  se." 
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incompatible  with  it  only  so  long  as  it  is  not  considered  that 
what  Huyghens  calls  quantitas  motus  in  the  latter  means,  with 
reference  to  any  two  bodies  proceeding  to  mutual  impact,  their 
relative  velocity  (y)  multiplied  into  the  mass  (//.)  of  the  quicker 
body, — which  is  an  arbitrary  if  not  incorrect  estimate  of,  and  cer- 
tainly different  from  what  is  ordinarily  (and  also  by  Newton) 
called,  quantity  of  motion  or  momentum. 

To  the  passages  quoted  alieady  in  the  Philosophical  Magazine 
from  John  Bernoulli's  De  Vera  Notione  Virium  Vivarum,  the 
following  extracts    may  be    usefully  added: — "La   force  vive, 

produite  dans  un   corps est  equivalentc  ;\  cette  partie 

dc  la  cause  qui  s'est  consurnee  [italics  by  the  transcribei"] 
en  la  produisant ;  puisque  toute  cause  efficiente  doit  etre  egale 
a  son  effet  pleinement  execute"  [Discours  sur  le  Mouvement, 
1727,  Opera,  vol.  iii.  p.  36).  And,  "Tout  le  monde  rcgarde 
comme  un  axiome  incontestable,  que  toute  cause  efficiente  ne 
saurait  perir,  ni  tout  ni  en  partie^  qu'elle  ne  produise  un  effet 
egal  a  sa  perte"  {ibid.  p.  56). 

3.  As  for  the  principle  of  the  conservation  of  force  in  its  wider 
sense,  it  was  first  enunciated,  by  implication,  in  Iluyghens's 
Horologium  Oscillatorium,  published  in  1673,  Prop.  4  of  Part  4 
of  which  is  as  follows  : — "  Si  pendulum  e  pluribus  ])onderibus 
compositum,  atque  e  quiete  dimissum,  partem  quamcunque 
oscillationis  integral  confecerit,  atque  inde  porro  intelligantur 
pondera  ejus  singula,  relicto  communi  vinculo,  celeritates  acqui- 
sitas  sursum  convertere,  ac  quousque  possunt  ascendere ;  hoc 
facto,  centrum  gravitatis  ex  omnibus  compositse,  ad  eandem 
altitudinem  reversum  erit,  quara  ante  iuceptam  oscillationem  ob- 
tinebat"  [Oper.  var.  vol.  i.  p.  126).  James  Bernoulli  generalized 
this  proposition,  asserting  "  quod  commune  centrum  gravitatis 
plurium  pouderum  non  possit  ascendere  altius  per  gravitatis 
eorum  effectum,  quam  uude  descendit"  {ibid.  p.  247). 

4.  Intimately  connected  with  the  principle  of  the  Conservation 
of  Energy  strictly  so  called  (taking  the  word  energy,  according  to 
the  proposition  of  Young,  as  English  for  vis  viva)  is  that  of  the 
Correlation  of  Forces,  or,  as  it  has  been  called  by  a  logician  of 
great  reputation,  of  the  AUotropy  of  Force.  There  has  been  of 
late  a  good  deal  of  controversy  regarding  the  priority  of  inven- 
tion or  discovery  of  this  last-named  principle ;  and  it  may  con- 
sequently be  interesting,  in  an  historical  point  of  view,  to  take 
cognizance  of  passages  of  much  earlier  date  than  any  hitherto 
relied  upon  as  establishing  such  priority,  and  upon  which  I  have, 
in  the  majority  of  cases,  rather  accidentally  lighted.  The  follow- 
ing is  an  extract  from  Placidus  Heinrich's  Die  Phosphorescenz, 
&c.,  published  in  1812  : — 

"  Unterdessen  wissen  wir  wenigstens  so  viel  mit  Zuverlassigkeit, 
Phil  Mag.  S.  4.  Vol.  28.  No.  191.  Dec.  1864.  2  I 
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dass  in  der  Natur  nichts  verloren  geht  ....  alles  erhalt  sich  durch 
einen  steten  Umtausch  :  das  eine  gewinnt  durch  den  Verlust  des 
andern :  das  eine  entsteht  durch  das  Verschwinden  des  andern. 
....  Also  im  Universum  nie  Verlust,  nur  Wechsel  und  Umtausch." 
(Vol.  ii.  p.  283.) 

The  next  quotation  is  from  a  paper  by  Dr.  Mohr,  of  Coblentz, 
on  Heat,  published  in  1837  : — 

"  Ausser  den  bekannten  54  chemischen  Elementen  gibt  es  in  der 
Natur  nur  noch  ein  Agens,  und  dieses  heisst  Kraft ;  es  kann  unter 
den  passenden  Verhaltnissen  als  Bewegung,  chemische  Affinitat, 
Cohiision,  Elektricitiit,  Licht,  Wiirme  und  Magnetismus  hervortreten, 
und  aus  jeder  dieser  Erscheinungsarten  konnen  alle  librigen  hervor- 
gebracht  werden  ....  Vermoge  der  Kraft  des  Armes  reisst  man  die 
InduktionsroUe  von  einem  Magneten  los,  es  entsteht  in  dem  darum 
geschlungenen  Schraubendrathe  ein  elektrischer  Strom,  welcher  bei 
Unterbrechung  als  Funke,  oder  bei  verengerter  Leitung  als  glii- 
hender  Drath  (Wiirme  und  Licht)  erscheint ;  derselbe  erregt  mag- 
netische  Polaritiit,  wenn  er  als  Schraubendrath  um  eine  Stahlnadel 
geleitet  wird  ;  er  zersetzt  das  Wasser  wodurch  er  geleitet  wird,  und 
hebt  zugleich  seine  Affinitat  und  Cohiision  auf;  und  da  nun  der 
diinne  Platindrath,  die  Ampere' sche  Schraube  und  der  Wasserzerset- 
zungs-Apparat  in  derselben  Kette  eingeschlossen  sein  konnen,  so 
leuchtet  ein,  vvie  die  Kraft  des  Armes  unter  verschiedenen  Verhalt- 
nissen, als  Wiirme,  Licht,  chemische  Affinitiit,  Magnetismus  und 
Cohiision  zum  Vorschein  gekommen  ist."  (Baumgartner's  Zeit- 
schriftfur  Physik,  vol.  v.  pp.  442-3.) 

This  passage  is  followed  by  two  more  pages,  showing  in  greater 
detail  the  connexion  and  transmutation  of  the  several  known 
forces,  and  a  transcript  or  translation  of  which  I  hope  to  give 
upon  some  future  occasion.  The  author  concludes  his  observa- 
tions with  the  following  judicious  remarks  : — 

"  Ohne  Zweifel  lassen  sich  alle  physikalischen  Erscheinungen  der 
sogenannten  Imponderabilien   unter  eine  dieser  Rubriken  bringen. 

Es  bleibt  aber  von  dieser  fliichtigen  Andeutung  bis  zur  voll- 

kommnen  Einsicht  in  die  Natur  der  Sache  noch  unendlich  viel  zu 
thun  iibrig."   (/i«rf.  p.  445.) 

With  regard  to  heat,  besides  showing  that  its  nature  or  form 
is  motion,  which  is  the  principal  object  of  the  paper,  the  writer 
states  (p.  422) : — "  Was  .  .  .  eine  Kraft  hervorbriugt,  muss  selbst 
eine  Kraft  sein  -,"  and  again  (p.  421) : — "  Was  . . .  eine  Kraft  auf- 
hebt  muss  selbst  eine  Kraft  sein";  whence  he  concludes,  con- 
sidering the  effects  of  heat : — "  Die  Warme  erscheint  in  uuzah- 
ligen  Fallen  als  eine  Kraft"  (p.  421). 

In  the  last  place,  it  gives  me  great  pleasure  to  quote,  among 
the  earliest  statements  concerning  the  transmutation  of  forces, 
the  following  passage  from  the  18th  series  of  Mr.  Faraday's 
electrical  researches,  published  in  January  1840: — ''We  have 
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many  processes  by  which  the  form  of  the  power  may  be  so 
changed  that  an  apparent  conversion  of  one  into  another  takes 
place.  So  we  can  change  chemical  force  into  electric  current, 
or  the  current  into  chemical  force.  The  beautiful  experiments 
of  Seebeck  and  Peltier  show  the  convertibility  of  heat  and  elec- 
tricity ;  and  others  by  (Ersted  and  myself  show  the  convertibility 
of  electricity  and  magnetism"  (Res.  in  Electr.,  §  207,  i.). 

II.   On  Gi'avitation. 

In  his  'Life  of  Newton/  Sir  D.  Brewster  states  (vol.  i, 
p.  268)  : — "  Kepler  could  not  fail  to  suspect  that  some  power 
resided  in  [the  sun]  by  which  the  motions  of  the  planets  were 
produced ;  and  he  went  so  far  as  to  conjecture  that  this  power 
diminishes  as  the  square  of  the  distance  of  the  body  on  which 
it  is  exerted;  but  he  immediately  rejects  this  law  in  favour  of 
that  of  the  simple  distances."  Again,  further  on  (p.  282) : — 
"  Bouillaud  maintained  that  the  force  of  attraction  must  vary 
reciprocally  as  the  square,  and  not,  as  Kepler  asserted,  in  the 
simple  ratio  of  the  distance."  In  a  similar  manner,  Sir  I.  Newton 
stated  (see  Rigaud's  Hist.  Essay,  App.  p.  32) : — "BuUialdus 
wrote  that  all  force,  respecting  the  sun  as  its  centre  .  .  .  must 
be  reciprocally  in  a  duplicate  ratio  of  the  distance  from  the 
centre."  A  reference  to  the  original  writings  of  Kepler  and 
Bouillaud  has  suggested  to  me  the  following  remarks,  which, 
as  they  may  be  of  some  general  interest,  I  purpose  herewith 
publishing. 

5.  In  the  Introduction  to  the  Astronomia  Nova,  referred  to  also 
by  Sir  D.  Brewster,  Kepler  indeed  "  distinctly  recognizes  the 
mutual  gravitation  of  matter";  but  he  extends  that  notion  only 
to  terrestrial  bodies  and  the  moon  (see  Asir.  Nova,  p.***4). 
As  regards  the  action  of  the  sun  upon  the  planets,  Kepler  states 
(/.  c.  p.  185)  : — "Virtus  ex  Sole  in  mundum  per  speciem  egressa 
rapidus  quidam  toiTcns  est,  qui  Planetas  omnes  adeoque  totam 
forsan  auram  aetheriam  ab  occasu  in  ortum  rapit,  se  ipso  non 
aptus  corpora  ad  Solem  adducere  vel  ab  eo  longius  propellere ; 
quod  esset  infinitse  sollicitudinis  opus."  Again,  in  enumerating 
the  six  '^ axioms"  which  account  for  the  planetary  motions 
(p.  186),  he  distinguishes  between  a  "^^  virtus,  quae  ex  Sole,"  and 
through  which  every  planet  "  de  loco  in  locum,  secundum  longi- 
tudinem  zodiaci  transponatur,"  and  a  "  virtus  quae  est  propria 
Planetse,"  and  from  which  he  assumes  "  accessus  Planetae  ad 
Solem  et  ab  eo  recessus  oriri."  Hence  it  is  evident  that  Kepler 
did  not  consider  the  idea  of  gravitation  as  applicable  to  the 
action  of  the  sun  on  the  planets;  and  from  cap.  33,  entitled 
"  Virtutem  quse  Planetas  movet,  residere  in  corpore  Solis,"  it 
appears  also  that  the  "  virtus  "  of  which  the  "  debilitas  sequitur 
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proportionem  distantiarum"  (p.  168),  according  to  Kepler,  was  a 
tangential,  and  not  a  centripetal  force. 

6.  Again,  as  regai-ds  Bouillaud,  he  opens  cap.  12  of  his  Asiro- 
nomia  Philoldica  by  the  following  observation  (p.  21)  : — "  .... 
Constat  quod  veritati  niagis  aptuni  et  congruens  videtnr,  et  quod 
valde  probabilius  sit  planetas,  et  cretera  corpora  coelestia  per 
propriani  forniam  nioveri,  quam  ab  anima  adsistente."  He  then 
goes  on  to  animadvert  upon  the  views  of  Kepler,  enunciated  in 
cap.  33  of  the  Astron.  Nova  and  elsewhere.  Now  Kepler  had 
stated  [I.  c.  p.  178)  : — "Demonstratum  est  cap.  32  planetarum 
motus  intensionem  et  reniissionem  sequi  proportionem  distanti- 
arum  simplicem.  At  vidctur  virtus  ex  Sole  emanans  inteudi  ct 
rcmitti  dcbcre  in  proportionc  dnplicata  vel  triplicata  distantiarum 
sen  lincarum  effluxus";  and  the  chapter  (34)  in  which  this  is 
stated  is  headed,  "  Qua  mcnsura  virtus  ex  Sole  motrix,  per  mundi 
amplitudinem  attenuatur."  With  regard  to  this  passage,  Bouil- 
laud observes  (p.  23) : — "  Hoc  non  negavit  Keplerus,  attamen 
[etc.]  ....  Sed  ha^c  Kepleri  responsio  levis  admodum  est. 
Nam  si  in  superficial i  quantitatc  considerat  illam  virtutem  mo- 
tricem,  necessario  iunninuerc  earn  debuit  in  ratione  dupla  inter- 
vallorum  :  si  vero  in  solis  lineis  supcriori  propositioni  contra- 
dicit,^'  etc.  Bouillaud  closes  this  chapter  with  the  following 
observations  (p.  24) : — "  Dico  Solem  fl  propria  sua  forma  circa 
])roprium  axem  nioveri,  qua  ignitus  et  lucidus  est,  cseteris  vero 
])lanetis  nullam  niotus  speciem  imprimere,  quje  illos  vehat,  ipsos 
vero  singulos  ;\  singulis  formis,  quibus  praiditi  sunt,  circumduci.'' 
From  the  passages  quoted,  it  appears,  in  the  first  place,  that 
Bouillaud  denied  altogether  the  existence  of  any  reaction  between 
the  sun  and  the  planets,  and,  in  the  next  place,  that  the  force 
regarding  which  Bouillaud  contended  that  its  magnitude  must 
depend  on  the  inverse  ratio  of  the  square  of  distance  (for  reasons 
which  Kepler  himself  had  previously  fully  developed)  was  the 
same  tangential  force  before  assumed  by  Kepler,  and  not  a  cen- 
tripetal force.  It  may  not  be  superfiuous  to  state  also,  re- 
garding this  same  force,  that,  so  far  as  it  appears,  Kepler  supposed 
the  force  to  be  exerted  only  on  the  part  of  the  sun  ;  the  sun  itself 
not  being  liable  to  any  reciprocal  action  on  the  part  of  the  planets. 
7.  A  third  name  which  figures  prominently  in  the  history  of 
gravitation,  after  Kepler  and  Bouillaud,  is  that  of  Borelli.  Sir 
I.  Newton  wrote  (see  Rig.  Ess.  App.  p.  30),  "  Borelli  did  some- 
thing;'' and  Sir  D.  Brewster  adverts  more  fully  to  his  specu- 
lations. Yet  it  remains  to  be  stated  more  precisely  what  was 
the  exact  "  something  "  that  "  Borelli  did/' 

In  his  TheoriccB  Mediceorum  Planetarum  (p.  7Q),  Borelli  states  : 

"  Supponamus  prasditum  planetam  k  vertigine  solarium  radi- 

orum  in  orbem  ferri  circa  solem  per  circulorum  peripherias  ab 
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occasu  ad  ortura ;  ct  quoniam  ut  dictum  est  motus  circularis 
naturalitcr  quemdaui  imprimit  imjjctum  ipsi  inobili,  quo  rae- 
diantc  ;\  centro  removetur,  atque  cxpcllitur,  veluti  in  funda  ac 
rota  obsei'vave  licet^  ergo^  dum  prsedictus  plaucta  circularitcr 
rotatuv,  rcinovebituv  tl  centro  Solis.  .  .  Proindeque  his  aderunt 
duo  motus  direct!  inter  so  contrarii,  alter  perpetuus,  ac  uni- 
forniis,  quo  planeta  impulsus  <\  ])ropria  magnetica  virtutc  sibi 
connaturali  vero  successive  adniovet  solari  corjjori,  alter  vero  dif- 
formis,et  continue  decresccns,  quo  planeta  c\puncto(E)expellitur." 
Again  (p.  78) :  "  Ut  dictum  est,  virtus  motiva  planeta;  .  .  .  com- 
ponitur  ex  circulai'i  impulsu,  et  gradu  virtutis  prementis  uni- 
formis,  et  ex  gradu  virtutis  repellentis ;  ^^  and  (p.  81): — "  Ut 
supponamus  pra^dictum  motum  ....  pendere  tl  magnetica  im- 
])ellentc  virtute  .  .  .  ,  et  motum  circularem  planetse  circa  Solem.^^ 
Hence,  it  is  certainly  evident  that  Borelli  extended  the  idea  of 
gravitation  also  to  the  sun  (as  a  one-sided  action ) ;  but  then  it 
is  equally  evident  also  that  he  supposed  the  attraction  of  gravity 
to  be  uniform,  i.  e.  independent  of  distance  (as  may  be  seen  more 
at  large  in  the  passages  omitted  from  the  above  quotation), — and 
further,  that  he  considered  the  motions  of  the  planets  to  be  the 
result  of  three  forces — one  circular,  the  other  centrifugal,  and 
the  third  attractive  or  centripetal.  According  to  our  present 
notions,  a  force  acting  circularly  is  impossible;  and  a  centripetal 
force,  although  the  expression  is  still  used,  is  no  force  at  all,  but 
only  a  tendency  produced  by  the  possible  resolution  of  velocities; 
whilst  the  motions  of  the  planets  are  supposed  be  the  result 
of  an  attractive  force  acting  conjointly  with  certain  impressed 
tangential  velocities. 

London,  November  1864. 
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November  1  7,  1864. — Major-General  Sabine,  President,  in  the  Chair. 

TB^HE  following  communication  was  read: — 

JL      "  Comparison  of  Mr.  De  la  Rue's  and  Padre  Secchi's  Eclipse 

Photographs."     By  Warren  De  la  Rue,  F.R.S. 

I  have  stated,  in  the  Bakcriau  Lecture  read  at  the  Royal  Society 
on  April  10,  1862,  that  the  boomerang  (prominence  E)*  was  not 
depicted  on  Senor  Aguilar's  photographs.  This  is  true  of  the  prints 
which  came  into  my  hands  in  England.  A  visit  to  Rome  in  Novem- 
ber 1862,  however,  afforded  an  oj)portunity  for  the  examination  of 
the  first  prints  which  had  been  taken  in  Spain  on  the  day  of  the 

*  See  Index  Map,  Plate  XV.  Phil.  Trans.  Part  L  1862. 
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eclipse,  previous  to  those  pi'inted  off  for  general  distribution  by 
Sefior  Aguilar.  I  was  agreeably  surprised  to  find  that  the  ])hoto- 
graph  of  the  first  phase  of  totality  showed  not  only  this  prominence 
very  distinctly,  but  also  other  details,  presently  to  be  described,  which 
were  quite  invisible  in  Scfior  Aguilar's  copies.  I  had  in  fact  experi- 
enced some  diflSculty  in  comparing  measurements  of  my  photographs 
with  those  of  Sefior  Aguilar' s,  on  account  of  the  indistinctness  (wool- 
liness)  of  the  latter,  which  I  have  attributed  to  Padre  Secchi's  tele- 
scope not  having  followed  the  sun's  motion  perfectly,  A  careful 
examination  of  the  prints  in  Padre  Secchi's  possession  has,  however, 
convinced  me  that  this  was  not  the  case  during  the  period  of  expo- 
sure of  the  first  negative  ;  for  1  have  been  able  to  identify  with  a  mag- 
nifier many  minute  forms  which  could  only  have  been  depicted  by  the 
most  perfect  following  of  the  sun's  apparent  motion.  For  instance, 
my  statement  that  the  prominence  H  (the  fallen  tree)  was  not  seen 
from  having  been  mixed  up  with  the  prominence  G,  is  not  appli- 
cable to  Padre  Secchi's  copy  of  the  first  phase  of  totality,  for  in  it 
every  detail  of  the  fallen  tree  can  be  made  out. 

On  expressing  to  Professor  Secchi  my  surprise  at  the  great  discord- 
ance between  the  copy  of  the  first  j)hase  of  totality  sent  to  me  by 
Senor  Aguilar  and  that  of  the  same  [)hase  in  his  possession,  I  was 
informed  that  after  a  few  positive  prints  had  been  taken  from  the 
then  unvarnished  negative,  it  was  strengthened  by  the  usual  photo- 
graphic process  with  nitrate  of  silver.  This  I  look  upon  as  an  unfor- 
tunate mistake,  as  the  images  of  the  prominences  were  increased  and 
their  details  hidden,  and  the  beauty  of  the  negative  for  ever  lost. 

It  occurred  to  Padre  Secchi  and  myself  that  although  there  was  no 
hope  of  procuring  more  satisfactory  prints  from  the  original  negative 
of  the  first  phase  of  totality,  yet  some  advantage  would  arise  from 
taking  an  enlarged  negative  from  the  positive  print  in  his  possession, 
although  it  could  not  be  expected  to  yield  as  perfect  an  impression 
as  might  have  been  obtained  by  enlarging  from  the  original  iihoto- 
graph.  The  enlargement  has  been  successfully  accomplished  in  my 
presence  ;  and  although  Padre  Secchi  will  take  such  means  as  he 
may  think  proper  to  make  known  the  results  of  comparisons  he  may 
make  between  my  photographs  and  his  own,  it  will  not  be  out  of 
place  for  me  to  add  a  few  remarks  by  way  of  appendix  to  my  paper. 

Taking  the  prominences  in  the  order  in  my  index  map,  Plate 
XV.:— 

Prominence  A  (the  cauliflower  or  wheatsheaf)  has  the  same  form 
in  Padre  Secchi's  photograph  as  in  mine.  It  extends  considerably 
less  in  height  above  the  moon's  edge  in  this  copy  than  in  that  printed 
off^from  the  strengthened  negative  (Senor  Aguilar's  copy)  ;  the  bright 
points  of  the  two  branching  streams  which  issue  from  the  summit 
towards  the  North  are  well  depicted  in  the  Secchi  photograph,  but 
not  the  fainter  parts. 

There  exists  a  faint  indication  of  the  minute  prominence  B  in 
the  S.  photograph. 

The  convolutions  of  the  prominence  C  (the  floating  cloud)  are 
seen  in  the  S.  photograph,  and  its  form  coincides  absolutely  with 
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that  of  mine ;  it  is  a  Httle  nearer  the  moon's  edge  at  the  point  c, 
probably  because  the  telescope  was  uncovered  relatively  a  little  later 
than  at  Rivabellosa, 

The  prominence  D  cannot  be  clearly  traced  in  the  S,  photograph. 

The  boomerang  E  is  distinctly  visible  in  the  S.  photograph  ;  the 
point  e  is  apparently  prolonged  ;  but  tbis  I  attribute  to  an  accidental 
photographic  stain,  for  the  bright  part  c'  can  be  well  made  out. 

The  long  prominence  F  cannot  be  made  out  in  the  S.  photograph, 
probably  from  the  cause  explained  in  reference  to  C. 

The  fallen  tree  (H  in  the  S.  photograph)  corresponds  in  its 
minutest  details  with  its  picture  in  my  own.  The  articulated  extre- 
mity h,  the  round  points  h'  h",  the  point  h'",  and  the  connecting 
branch  joinin.;;  it  with  the  stem  are  clearly  seen. 

The  prominence  G  from  g  to  g  corresponds  precisely  in  the  S. 
photograph  with  its  image  in  my  own,  and  a  dark  marking  near  g 
also  is  seen  ;  the  narrow  portion  of  this  prominence,  from  g  to  the 
point  immediately  below  h,  is  not  seen  in  the  S.  photograph. 

The  prominence  I  (the  mitre)  agrees  in  form  in  the  S.  photograph 
with  its  image  in  my  own,  even  the  faint  point  ^  is  there  seen.  This 
prominence  in  the  S.  photograph  extends  further  from  the  edge  of 
the  moon  than  in  mine ;  and  whereas  in  my  photograph  the  convex 
boundary  next  the  moon  is  cut  off  by  the|moon's  limb,  in  Padre 
Secchi's  the  convex  boundary  is  complete,  and  hence  in  all  probability 
the  prominence  I  presented  another  case  of  a  floating  cloud. 

About  midway  between  G  and  I  there  is  a  small  round  prominence 
visible  in  the  S.  photograph  not  seen  in  mine,  which  may  be  accounted 
for  from  our  different  positions  in  respect  to  the  central  line  of  the 
eclipse. 

Between  1  and  K,  at  a  distance  from  I  equal  to  about  two-thirds 
the  angular  interval,  there  is  in  the  S.  pliotognipli  a  prominence  con- 
sisting of  two  round  dots,  which  extend  beyond  the  moon's  limb 
to  precisely  the  same  extent  as  the  prominence  K  protrudes  in  Pro- 
fessor Secchi's  photograph  beyond  the  moon's  limb  in  excess  of 
what  it  does  in  my  own. 

The  prominence  K  has  precisely  the  same  form  in  every  respect  in 
the  S.  photograph  as  in  mme,  so  far  as  mine  shows  it ;  but  on  account 
of  parallax,  more  of  it  is  seen  in  the  S.  photograph  than  in  mine. 

Beyond  K  is  another  prominence,  visible  in  the  S.  photograph  about 
1 7°  distant  from  K,  a  small  round  prominence  which  could  not  have 
been  visible  from  my  station. 

Of  the  remaining  prominences,  L,  M,  N,  O,  P,  Q,  R,  none  were 
visible  at  the  epoch  of  the  photograph. 

In  conclusion,  the  photographic  images  of  the  prominences,  so  far 
as  they  are  common  to  the  two  photographs  taken  at  Miranda  and 
Desierto  de  las  Palmas,  accord  in  their  most  minute  details.  The 
photographs  nmst,  from  the  difference  of  position  of  the  two  stations, 
have  been  made  at  an  absolute  interval  of  about  seven  minutes ;  and 
this  fact,  while  it  strongly  supports  the  conclusion  that  the  protu- 
berances belong  to  the  sun,  at  the  same  time  shows  that  there  is  no 
change  in  their  form  during  an  interval  much  greater  than  tiie  whole 
duration  of  an  eclipse. 
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A  LETTER  FROM  JOHN  DAVY,  M.D.,  F.R.S.,  TO  THE  EDITORS  OF 
THE  PHILOSOPHICAL  MAGAZINE  IN  REPLY  TO  CERTAIN 
CHARGES  MADE  BY  C.  BABBAGE,  ESQ.,  F.R.S,  ETC.,  AGAINST 
THE  LATE  SIR  HUMPHRY  DAVY,  WHEN  PRESIDENT  OF  THE 
ROYAL  SOCIETY. 

Gentlemen, — 

R.  BABBAGE,  in  his  recently  published  work,  'Passages  from 
the  life  of  a  Philosopher,'  has  brought  two  charges  against  the 
late  Sir  Humphry  Davy,  when  President  of  the  Royal  Society,  both  of 
them  injurious  to  his  character,  if  substantiated: — one,  of  a  breach  of 
promise  ;  the  other,  of  "  transferring  between  three  and  four  hundred 
pounds  from  the  funds  of  the  Royal  Society  into  his  own  pocket"*. 

These  charges  are  contained  in  the  thirteenth  Chapter,  under  the 
heading  of  "  Recollections  of  Wollaston,  Davy,  and  Rogers,"  and 
are  incongruouslj^  associated  with  an  account  of  "  The  Thauma- 
trope,"  and  with  anecdotes  of  the  poet.  Mr.  Babbage,  in  his  Pre- 
face to  another  workf,  expre?ses  the  opinion  "that  the  famous 
maxim  dc  jnortuis  iiihil  nisi  honum,  appears  to  savour  more  of  female 
weakness  than  of  manly  rea-son."  In  these  his  "recollections,"  or 
rather  his  assertions,  so  far  as  they  relate  to  Sir  Humphry  Davy,  he 
strictly  confines  himself  to  nihil  nisi  malwn. 

As  the  brother  of  Sir  Humphry  Davy,  will  you  allow  me  to  reply 
to  these  charges  in  your  pages ;  I  shall  endeavour  to  be  as  brief  as 
the  subject  will  permit. 

First,  of  the  breach  of  promise. — Mr.  Babbage's  statement  is  the 
following: — "In  1826  one  of  the  Secretaryships  of  the  Royal  So- 
ciety became  vacant.  Dr.  Wollaston,  and  several  other  of  the  lead- 
ing members  of  the  Society  and  of  the  Council  wished  that  I  should 
be  appointed.  This  would  have  been  the  more  agreeable  to  me, 
because  my  early  friend  Herschel  was  at  that  time  the  senior  Secre- 
tary. 

"This  arrangement  was  agreed  to  by  Sir  Humphry  Davy,  and  I 
left  town  with  the  full  assurance  that  I  was  to  have  the  appoint- 
ment. In  the  mean  time  Sir  Humphry  Davy  summoned  a  Council 
at  an  unusual  hour — eight  o'clock  in  the  evening — for  a  special  pur- 
jjose,  some  arrangements  of  the  Treasurer's  accounts. 

"After  the  business  relating  to  the  Treasurer  was  got  through.  Sir 
Humphry  Davy  observed  that  there  was  a  Secretaryship  vacant,  and 
he  proposed  to  fill  it  up.  Dr.  Wollaston  then  asked  Sir  H.  Davy  if 
he  claimed  the  nomination  as  a  right  of  the  President,  to  which  Sir 
H.  Davy  replied  that  he  did,  and  then  nominated  Mr.  Children. 
The  President,  as  President,  had  no  such  right,  and  even  if  he  had 
possessed  it,  he  had  promised  Mr.  Herschel  that  I  should  be  his 
colleague.  There  were  upright  and  eminent  men  on  that  Council ; 
yet  not  one  of  them  had  the  moral  courage  to  oppose  the  President's 

♦  Op.  cit.  pp.  187-189. 
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dictation,   or  afterwards   set  it  aside  on  the  ground  of  its  irregu- 
larity"*. 

From  whom,  I  would  ask,  and  did  ask  INIr.  Babbage,  had  he  this  in- 
formation ?  In  a  letter  which  I  have  received  from  him  of  the  17th 
of  September  in  reply  to  one  from  me,  he  writes,  "  With  respect  to 
what  took  place  at  that  Council,  the  late  Dr.  Intton,  who  was  pre- 
sent, gave  me  the  account  I  have  stated."  Mr.  Babbage  added, 
"Not  long  before  his  death,  Dr.  Fitton  gave  me  several  MSS.  and 
other  papers  which  he  thought  might  be  interesting  to  my  family. 
He  then  again  related  the  account  of  the  Council  which  I  have  given 
in  my  work." 

On  this  I  remark,  that  Dr.  Fitton  was  not  then  on  the  Councilf , 
and  that  I  have  been  assured  by  one  of  the  three  surviving  members 
of  that  Council  J,  that  no  such  words  as  those  atttibuted  to  Dr. 
Wollaston  were  spoken,  and  that  there  was  no  discussion  of  any 
kind  on  the  occasion. 

Mr.  Herschel,  now  Sir  John  Herschel,  was  one  of  those  present; 
and  I  would  ask,  why  has  not  Mr.  Babbage  adduced  him  as  his  in- 
formant ?  From  what  I  have  learnt  he  would  not  support  Mr.  Bab- 
bage in  the  statement,  nor  indeed  in  the  statement  that  Sir  Hum- 
phry Davy  had  promised  him  that  Mr.  Babbage  should  be  his  col- 
league. 

I  would  further  remark  that,  inasmuch  as  Dr.  Wollaston  and  Sir 
H.  Davy  had  been  so  long  Secretaries  together,  it  seems  highly  im- 
probable that  the  former  would  question  the  latter  in  the  manner 
asserted.  It  is  true  that  the  President  has  not  the  right  of  naming 
for  a  Secretaryship  ;  but  it  is  equally  true  that  it  had  become  the 
usage  :  Mr.  Babbage  himself  was  fully  aware  of  this ;  for  at  p.  140 
of  his  '  Reflections  on  the  Decline  of  Science  in  England,'  published 
in  1830,  he  states,  of  the  officers  and  Council  of  the  Societj',  "  the 
fact  is  that  they  are  the  private  nominations  by  the  President ; "  and, 
at  p.  72,  on  the  authority  of  the  late  Mr.  Barrow,  he  affirms,  "  that 
it  had  been  the  custom  for  years  for  the  President  of  the  Royal  So- 
ciety to  nominate  the  Council." 

In  my  letter  to  Mr.  Babbage,  adverting  in  conclusion  to  the  aff^air 
of  the  Secretaryship,  I  wrote,  "  that  you  felt  aggrieved  is  certain 
from  what  you  have  stated,"  ad<ting,  "I  need  hardly  remark  that 
too  often  under  that  state  of  feeling,  an  animus  is  created  which 
tends  to  misinterpretation.  Had  you  called  on  the  President  for  an 
explanation  at  the  time,  would  it  not  have  been  more  in  accordance 
with  what  is  just  and  honourable  than  to  have  brought  such  a  charge 
against  him  after  his  death  [after  an  interval  of  35  years]  ?  He 
might  have  stated  reasons,  if  not  reconciling  you  to  your  disappoint- 
ment, yet  amply  justifying  his  conduct,  or  convincing  you  that  you 
laboured  under  a  mistake  as  to  a  promise." 

*  Op.  cit.  p.  187. 

■\-  In  the  Couucil-book,  I  am  informed  by  the  Assistant-Secretary  that 
there  is  no  minute  respecting  either  the  nomination  of  Mr.  Babbage  or  Mr. 
Cliildren  as  Secretary  at  the  Meeting  in  question,  that  held  at  8  p.m.,  on 
the  16th  November,  182fi. 

X  These  were  Mr.  Gompertz,  Mr.  Herschel,  and  Mr,  South. 
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I  shall  now  proceed  to  the  more  serious  charge — the  asserted 
"  transfer  of  between  three  and  four  hundred  pounds  from  the  funds 
of  the  Royal  Society  into  his  [Sir  H.  Davy's]  own  pocket  "*.  This 
charge,  according  to  IMr.  Bahbage's  statement,  is  founded  on  the 
facts  (and  I  do  not  question  their  accuracy)  that  the  late  Mr.  Mur- 
ray purchased  for  500  guineas  the  copyright  of  the  President's  Dis- 
courses, which  were  published  at  the  request  of  the  Council  t,  and 
that  the  Council,  at  a  meeting  held  oa  the  3 1st  of  December,  1826, 
"  Resolved,  that  500  copies  of  the  President's  Discourses  about  to  be 
printed  by  Mr.  Murray  be  purchased  by  the  Society  at  the  usual 
trade  price."  At  that  meeting  the  President  was  in  the  chair  ;  the 
members  present  were  Captain  Beaufort,  Messrs.  Brown,  Children, 
Gilbert,  and  Herschel,  Sir  E.  Home,  Captain  Kater,  Drs.  Pearson, 
Prout,  and  Young.  Mr.  Babbage,  in  commenting  on  the  transac- 
tion, exculpates  Mr.  Murray  ;  the  gravamen  of  the  charge  he  lays 
on  the  President  and  the  Council — he  for  selling  the  copyright  of 
his  Discourses  (which  he  certainly  had  a  right  to  do)  and  the  Council 
for  ordering  the  purchase  of  the  copies  at  a  cost  of  £381  bs. 

Mr.  Babbage  states  that  in  the  following  year,  when  he  was  on 
the  Council,  he  inquired  why  the  "  Resolution  of  Council  "  above 
named  was  passed ;  and  that  Dr.  Young's  reply  was,  that  it  was 
"  in  order  to  induce  Mr.  Murray  to  print  the  President's  speeches." 

It  would  appear  from  the  wording  of  the  resolution,  that,  previous 
to  its  passing,  Mr.  Murray  had  undertaken  to  publish  the  Discourses  ; 
nor  does  it  appear  that  there  was  any  previous  promise  ?  Be  that 
as  it  may,  the  Council  was  resj)onsible  for  their  act. 

I  have  recently  applied  to  Mr.  John  Murray,  the  son  of  the  late 
Mr.  Murray,  for  information  on  the  subject :  he  has  courteously  re- 
plied, stating  his  regret  that  the  only  information  he  can  give  is 
contained  in  a  schedule  which  he  annexed,  specifying  the  date  of  the 
publication  and  the  results — he  adding  tliat  all  his  search  after  letters 
and  copies  of  letters  which  may  have  passed  has  proved  fruitless. 
From  this  document,  of  which  the  subjoined  J  is  a  copy,  it  would 

*  Op.  cit.  p.  189. 

•f-  See  advertisement  to  the  '  Discourses  '  by  their  author. 
X  "  Sir  II.  Davy's  Discourses,  published  by  Mr.  Miuray  in  January  1827. 
500  guineas  paid  by  Mr.  Murray  to  Sir  ll.  Davy  for  the  copyright. 
850  copies  printed,  the  cost  of  which  (including  the  sum  paid  for  the 
copyright)  was  £^42  As.  5d. 

£      s.    d. 
500  copies  sold  to  the  Royal  Society  at  the  trade  price, 

15s.  3d \ 381     5     0 

25  sent  out  as  presents  from  Sir  II.  Davy,  according  to  his 

list. 
II  to  Stationers'  Hall. 

152  copies  sold  at  Mr.  Murray's  Annual  sale 92     9     4 

71  various,  for 49  19  II 

91  wasted,  producing    2     0     0 

Eventual  loss  to  Mr.  Murray 216  10     2 

850  .€742     4  5" 
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appear  that,  if  the  whole  of  the  impression  had  been  sold  at  trade 
price,  Mr.  Murray  would  have  been  a  loser,  and  to  no  inconsiderable 
amount,  viz.  £94  \s.  i\d.  May  I  be  allowed  to  ask  what  is  the 
inference  ?  Is  it  not  a  logical  conclusion  that  the  publisher  expected 
that  the  demand  for  the  '  Discourses '  would  have  been  so  great  as  to 
require  more  than  one  edition,  so  as  to  remunerate  hira  for  his  out- 
lay .''  Nor,  it  may  be  presumed,  was  such  an  expectation,  though 
not  realized,  unreasonable,  taking  into  account  the  demand  for  apre- 
cedingwork  of  the  author's, the  '  Lectures  on  Agricultural  Chemistry,' 
which  passed  through  several  editions,  and  for  the  copyright  of 
which  he  received  £1000,  and  £50  for  every  fresh  edition,  and  the 
demand  also  for  a  later  and  for  a  posthumous  work,  '  Salmonia '  and 
'  Consolations  in  Travel.'  Nor,  when  we  further  consider  how 
highly  the  'Discourses'  were  approved,  should  the  sum  payed  for  them 
by  a  liberal  and  enterprising  publisher,  such  as  was  the  late  Mr. 
Murray,  excite  surprise. 

It  may  perhaps  be  said  that  the  President  should  have  presented 
the  copyright  of  the  '  Discourses '  to  the  Royal  Society.  Had  the 
Society  been  in  want  of  funds,  there  would  have  been  a  just  reason 
for  making  a  present  to  it ;  but  as  the  Society's  funds  were  ample, 
such  a  present  was  no  wise  needed ;  at  least,  such  we  must  infer 
was  the  opinion  of  the  Council.  That  he  was  considered  free  from 
blame  in  the  transaction,  may  be  inferred  from  the  circumstance  that 
on  his  resigning  the  Chair  of  the  Royal  Society  on  account  of  failing 
health,  a  vote  of  thanks  to  him,  proposed  by  the  Council,  of  which 
Council  Mr.  Babbage  was  a  member,  was  unanimously  agreed  to  by 
the  Society  :  the  following  is  a  coi)y  of  it ;  the  original,  now  in  my 
possession,  is  formally  written  on  parchment : — "  At  a  meeting  of  the 
Royal  Society,  held  on  Thursday  the  15th  of  November,  1827,  the 
President  stated  from  the  chair  that  he  was  directed  by  the  Council 
to  submit  the  following  resolution  to  the  Society,  which  was  unani- 
mously agreed  to — That  the  regret  of  the  Fellows  of  the  Royal  Society 
be  expressed  in  the  strongest  terms  to  their  late  excellent  President, 
Sir  Humphry  Davy,  Baronet,  for  the  state  of  health  which  has  unhap- 
pily compelled  him  to  relinquish  the  chair,  together  with  their  thanks 
for  the  unremitting  diligence  with  which  he  has  at  all  times  en- 
deavoured to  promote  the  interests  of  science  and  the  welfare  of  the 
Royal  Society,  and  for  the  learned  and  eloquent  discourses  with 
which  at  each  Anniversary  during  his  Presidency,  he  concluded  the 
business  of  the  year." 

I  have  repressed  my  feelings  in  writing  thus  calmly  on  such  a 
subject.  When  I  call  to  mind  the  little  regard  my  brother  had  for 
wealth — that  to  enrich  himself  he  would  never  take  out  a  patent, 
though  urged  so  to  do,  for  the  safety  lamp,  or  for  the  protection  of 
the  copper  sheathing  of  ships,  at  a  time  it  promised  to  be  of  the 
greatest  use  * — I  must  confess  at  least  astonishment  that,  when  dead, 

*  At  that  time,  in  a  letter  to  me,  expressing  his  sanguine  expectations 
of  success,  after  adverting  to  the  fortune  ("  the  immense  fortune")  he  might 
make  if  he  had  chosen  to  take  out  a  patent  for  the  invention,  and  that  he 
had  determined  to  give  it  to  his  country,  he  added,  "  in  evei-y thing  con- 
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an  accusation  should  have  been  brought  against  him  equivalent  to 
that  of  robbery,  and  that  stated  to  have  been  committed  in  the  last 
stage  of  a  life  devoted  to  science  with  so  much  honour  to  himself, 
and  benefit  to  his  country  and  to  mankind. 

It  may  be  asked  why  I  did  not  reply  to  this  last  charge  at  the 
time  it  was  first  made,  viz.  in  1830,  in  Mr.  Bah])age's  '  Reflections 
on  the  Decline  of  Science  in  England  and  on  some  of  its  Causes,' 
I  was  then  abroad  on  foreign  service,  and  did  not  return  until  the 
lapse  of  two  years.  Then  Mr.  Babbage's  book  had  almost  passed 
into  oblivion  :  moreover,  as  the  Council  of  the  Royal  Society  were 
included  in  the  charge,  its  members  (they  so  many  and  able)  might 
be  considered  the  proper  persons  to  reply  to  it ;  indeed,  even  now, 
my  giving  it  attention  is  by  some  friends  I  have  consulted  considered 
unnecessary  ;  and  so  I  might  consider  it,  did  I  not  know  that  where- 
ever  pitch  is  thrown  it  adheres,  and  that  the  renewal  of  the  charge 
in  a  book  such  as  INIr.  Babbage's  is,  which  may  be  referx'ed  to  here- 
after, if  passed  over  in  silence,  might  be  supposed  to  be  founded  on 
truth. 

I  am.  Gentlemen, 

Lesketh  How,  near  Ambleside,  ^'our  obedient  Servant, 

October  20,  180^.  John  Davy. 


ON  THE  COMPARISON  BETWEEN  THE  ENGLISH  AND  METRICAL 
READINGS  IN  DOUBLE-SCALE  BAROMETERS. 

To  the  Editors  of  tJie  Philosophical  Magazine  and  Journal. 
Gentlemen, 

In  the  July  Number  of  your  Magazine  is  a  paper  by  my  friend 
Mr.  Packe,  in  which  he  attributes  the  larger  part  of  the  discrepancy 
between  the  barometric  pressures  corresponding  to  the  French  and 
English  boiling-points  to  the  difference  between  the  standard  tem- 
peratures of  the  French  and  English  units  of  length. 

I  believe  this  conclusion  to  be  erroneous,  and  I  propose  to  state,  as 
briefly  as  possible,  ray  reasons  for  dissenting  from  it. 

"First,"  writes  Mr.  Packe,  "as  to  the  discrepance  arising  from 
the  standard  temperatures.  That  of  the  English  barometer  being 
30°  F.  higher  than  that  of  the  French  scale,  when  the  mercurial 
column  is  reduced  to  the  freezing-point,  the  scale  of  the  French 
barometer  is  also  reduced  to  the  freezing-point,  but  the  scale  of  the 
English  one  is  only  reduced  to  the  temperature  of  62°  F. 

"  The  consequence  is  that  the  French  barometer,  when  reduced,  will 
always  read  higher  than  the  English  barometer." 

The  unsoundness  of  this  inference  will  appear  from  the  following 
considerations. 

By  reducing  the  French  barometer  we  obtain  the  length  of  a 
column  of  mercury  at  0°  C,  estimated  in  millimetres,  at  the  standard 
temperature  of  0°  C. 

By  reducing  the  English  barometer  we  obtain  the  length  of  the 

nected  with  interests  [meaning  moneyed  interests]   I  am  resolved  to  live 
and  die  at  least  sans  tdche." — Sec  my  Memous  of  his  Life,  vol.  ii.  p.  1/6. 
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same  column  of  mercury,  at  the  same  temperature,  estimated  in 
English  inches,  at  the  standard  temperature  of  62°  F. 

From  Guyot's  Tables  for  the  conversion  of  millimetres  into  English 
inches,  and  vice  versa,  we  express  millimetres  at  the  standard  tem- 
perature of  0°  C.  in  terms  of  English  inches  at  the  standard  tempe- 
rature of  62°  F. 

The  consequence  is  that  the  reading  of  the  French  barometer,  when 
reduced  and  converted  into  English  inches  by  Guyot's  Tables,  ought 
always  to  coincide  exactly  ivith  the  reading  of  the  Enylish  barometer. 

From  the  following  further  quotation  from  Mr.  Packe's  paper,  it 
is  easy  to  see  how  he  has  arrived  at  a  different  conclusion : — 

"  For  exact  observation,  therefore,  it  is  useless  to  have  a  barometer 
marked  with  a  double  scale — ^tlie  French  and  English  :  they  cannot 
be  made  to  coincide  ;  e.  g. 

"  Let  the  barometer  read  29  inches  =  736*59  millims.  (temp. 
62°  F.  =  16°-67  C).  In  the  English  scale  at  62°  (the  temperature 
of  the  standard)  no  correction  is  made  for  the  brass  scale.  The  only 
correction  is  for  the  expansion  of  the  mercury,  — "087, 

in. 

29 

-     -087 


reduced  28-913  =  734-38  millims. 

"But  in  the  French  scale,  the  temperature  of  the  standard  being 
32°  F.,  the  correction  to  be  made  is  for  the  expansion  of  the  mer- 
cury —  the  expansion  of  the  scale  : 

mm. 

Expansion  of  mercury  for  16°' 6 7  C.  =     2'212 
Expansion  of  brass  scale  for        ,,        = —   -231 


1-981 


mm. 

736-59 
—      1-981 


reduced      734-61  =  28-9224  inches." 

Mr.  Packe  evidently  supposes  that  in  a  barometer  with  a  double 
scale,  when  the  attached  thermometer  is  at  62°  F.  =  16°-67  C,  and 
the  English  reading  is  29  inches,  the  metrical  reading  will  be  736-59 
millims. 

Noio,  if  the  metrical  scale  is  properly  graduated,  this  will  not  be  the 
case.  736-59  millims.  is  what  the  reading  would  be  if  the  metrical 
scale  were  at  its  standard  temperature  of  0°  C.  But  by  hypothesis 
it  is  at  62°  F. ;  it  has  therefore  expanded  through  the  space  due  to 
an  increase  of  temperature  of  30°  F.,  that  is,  through  -23  millim. 

If,  then,  the  English  reading  be  29  inches,  the  corresponding  me- 
trical reading  will  be  736-36  millims. 

mm. 

736-36 
Reduction  for  16°- 67  C.  1-98 

Reduced  reading       .     .     734-38=28-913  inches; 
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precisely  the  same  result  that  is  obtained  by  the  direct  reduction  of 
the  English  reading. 

I  make  the  proviso,  if  the  metrical  scale  is  properly  gi-aduated,  as 
there  is  reason  to  fear  that  this  is  not  the  case  with  many  double-scale 
barometers  made  in  this  country. 

I  am.  Gentlemen, 

Your  obedient  Servant, 

William  Mathews,  Jun. 
51  Carpenter  Road,  Edgbaston, 
November  7,  1864. 


OBSERVATIONS  OF  THE   SPECTRUM  OF  JUPITER. 
LETTER  FROM  FATHER  SECCHI  TO  M.  DE  BEAUMONT. 

In  my  last  communication  on  the  spectra  of  the  celestial  bodies  I 
gave  new  observations,  which  confirmed  for  the  planet  Jupiter  the 
existence  of  special  hands  due  to  its  atmosphere.  I  said  that  I 
hoped  to  be  able  to  measure  these  bands  with  the  greatest  precision, 
and  to  learn  whether  or  not  they  coincided  with  the  terrestrial  atmo- 
spheric bands.  1  can  now  communicate  tlie  result  of  these  measure- 
ments. 

To  obtain  them  I  constructed  specially  an  excellent  astronomic 
micrometer,  with  a  screw  having  a  thread  of  four-tenths  of  a  milli- 
metre, the  cross  wires  being  replaced  by  a  metal  plate  with  a  very 
fine  slit.  This  single  slit  is  used  instead  of  the  graduated  scale  of 
the  spectroscope  which  I  used  last  year;  it  is  illuminated  in  the 
same  manner  with  light  graduated  at  will;  by  moving  the  head  of 
the  screw,  which  is  divided  into  100  parts,  this  luminous  line  may 
be  made  to  coincide  with  an  obscure  band  or  any  given  ray  ;  but  as 
its  light  would  efface  the  obscure  ray  if  it  extended  throughout  the 
spectrum,  its  length  was  limited  so  that  it  only  encroached  upon  it 
to  about  one-third  or  one-fourth  of  the  length  of  the  latter.  In  this 
way  the  micrometric  line  could  be  placed  in  continuation  of  the 
spectral  ray  with  an  astonishing  precision. 

The  solar  rays  and  that  of  sodium  served  as  the  starting-point  for 
the  measurements  :  the  latter  was  introduced  at  the  moment  of  ob- 
servation ;  the  others  were  observed  the  same  day,  some  time  before 
sunset,  with  the  same  micrometer  and  spectrometer  applied  to  Merz's 
large  refractor.  Great  care  was  taken  to  fix  each  time  the  micro- 
metric  slit  on  one  of  the  strongest  atmospheric  rays,  to  see  if  they 
coincided  or  not  with  those  of  Jupiter.  In  the  interval  between  the 
observation  of  the  terrestrial  atmosphere  and  that  of  Jupiter  the 
instrument  was  left  untouched,  although  it  was  subsequently  observed 
that  this  precaution  was  superfluous.  The  atmospberic  rays  were 
determined  by  observing  the  air  near  the  horizon.  I  also  sometimes 
made  use  of  the  moon,  which  was  a  little  above  the  horizon  ;  and 
then  I  had  the  advantage  of  making  one  observation  on  the  planet 
and  another  on  the  moon,  and  then  of  returning  to  the  planet,  by 
which  the  control  was  made  more  exact. 

The  various  bands  are  not  equally  easy  to  measure,  for  some  are 
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more  diffused  on  one  side  than  on  the  other ;  that  of  the  dark  red  is 
a  little  difficult,  especially  if  the  air  is  not  very  pure.  In  this  case 
the  observations  were  somewhat  multiplied.  The  following  numbers 
are  the  result  of  at  least  three  measurements.  Those  taken  in  suc- 
cession usually  agree  better  with  each  other  than  those  taken  on 
different  evenings  ;  perhaps  we  have  here  the  same  phenomenon  as 
in  the  case  of  the  double  stars. 

I  shall  first  give  the  results  obtained  for  the  terrestrial  atmosphere, 
and  then  those  of  Jupiter,  and  I  shall  refer  the  position  of  the  bands 
to  the  darker  line  of  the  band  D. 

Relative  position  of  the  Terrestrial  Atmospheric  Rays. 


D-C«. 

D-C. 

D-B 

July  16 

1-85 

2-85 

3-95 

20 

2-75 

3-95 

20 

1-70 

2-72 

4-11 

21 

1-76 

2-73 

3-99 

20  (Moon)  ., 

203 

3-93 

Mean.    .  . 

1-77 

2-74 

3-98 

For  Jupiter  I  shall  call  D',  y,  ft  the  lines  analogous  to  those  of  the 
terrestrial  atmosphere  D,  C,  B.     The  following  are  the  intervals  : — 


Inter 

July  17 
17 
19 

vals  of  the  Banc 

Is  of  Jupiter. 

D'-y. 

1-90 
1-90 
1-98 
1-83 
202 
1-93 

1-92 

D'-/3 

r. 

3-70 

4-00 
3-49 

20    , 
20    . 

3-79 
3-85 

21     . 

3-78 

Mean    .... 

3-77 

It  is  seen  by  these  measurements  that  the  bands  y  and  ft  of 
Jupiter  do  not  coincide  in  position  with  those  of  the  terrestrial 
atmosphere,  but  that  the  two,  C"  and  B,  approach  to  some  extent. 
Their  relative  distance  is  also  different ;  for  we  have 

C'—B=: 2^-21,  while  y-/3=r-85. 

Their  difference  exceeds  all  possible  limit  of  error. 

Hitherto  we  have  only  compared  lines  with  each  other  as  to  their 
relative  place ;  but  it  is  interesting  to  see  if  the  starting-point  is  the 
same — that  is,  if  the  line  D'  in  Jupiter  coincides  with  D  in  the  atmo- 
sphere. Several  mici'ometric  measurements  gave  a  constant  difference 
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between  D  and  D',  this  being  0''-34  towards  the  red  ;  but  the  observa- 
tion was  very  difficult,  and  deserved  a  careful  examination.  For  this 
purpose,  during  two  successive  evenings  the  slit  was  pointed  on  the 
line  of  maximum  obscurity  in  the  terrestrial  atmospheric  band,  and 
it  was  found  to  be  in  the  exact  prolongation  of  that  of  sodium. 
The  micrometer  was  left  untouched  until  Jupiter  appeared.  It  was 
observed  that  the  darkest  band  of  Jupiter  was  outside  the  slit  and 
the  ray  D  by  its  own  size  ;  so  that  even  the  maximum  of  this  band 
does  not  coincide  with  that  of  the  terrestrial  atmosphere.  If  the 
bands  y  and  ft  are  referred  to  those  of  sodium,  we  find 

D-y  =  2-26,  D-/3=4-ll. 
These  numbers  agree  with  those  of  our  atmosphere  no  better  than 
the  preceding.  The  band  ft  is  not  far  removed  from  B ;  and  it  might 
be  said  that  the  difficulty  of  the  measurement  would  allow  for  the 
difference  ;  but  it  exceeds  the  probable  error  of  the  measurements. 
The  ray  C  and  its  terrestrial  atmospheric  band  are  quite  wanting  in 
Jupiter;  and,  on  the  other  hand,  y,  which  is  greatly  developed,  sug- 
gests C°  more  than  C.  I  may  say  that  C  is  very  developed  in  our 
atmosphere  on  foggy  days. 

These  results  were  confirmed,  us  far  as  it  was  possible  to  rely 
upon  them,  by  the  observations  and  the  figures  published  last  year 
in  the  '  Memoirs  '  of  the  Observatory,  where  it  might  be  seen  that 
the  system  of  Jupiter's  bauds  on  the  red  parts  differ  from  the  terres- 
trial band. 

Besides  these  rays  and  several  others,  Jupiter  at  first  sight  shows 
another  band  c  outside  D  towards  the  blue,  which  is  analogous  to 
the  2  of  Brewster,  and  it  would  be  necessary  to  proceed  to  further 
measurements  even  for  this.  But  I  would  not  delay  the  communi- 
cation of  these  results  to  you  before  the  planet  is  too  near  the  hori- 
zon, in  order  that  these  results,  which  are  the  most  striking,  may  be 
confirmed  by  those  who  possess  powerful  instruments. 

Before  finishing,  I  may  reply  to  a  possible  objection  :  If  the  posi- 
tion of  these  lines  is  correct,  the  solar  rays  will  not  be  visible  upon 
Jupiter,  which  does  not  agree  with  received  ideas.  I  answer  that 
this  does  not  necessarily  follow  from  my  measurements ;  the  solar 
rays  may  in  fact  exist ;  but  being  very  much  spread  out  and  very 
fine,  they  would  be  confounded  with  the  penumbra  of  these  bands 
themselves ;  for  in  fact  the  position  of  the  solar  rays  falls  so  nearly 
in  the  neighbourhood  of  the  bands,  that  for  want  of  light  in  the 
planet  it  would  be  difficult  to  see  them  without  a  more  powerful 
instrument.  In  fact,  if  the  moon  is  viewed  with  a  small  diaphragm 
in  front  of  the  object-glass,  so  as  to  reduce  the  light  of  the  spectrum 
almost  as  much  as  has  been  done  for  Jupiter,  the  red  rays  can  only 
be  distinguished  with  extreme  difficulty.  I  think,  therefore,  that 
these  observations  do  not  disprove  the  existence  of  solar  rays  in  the 
planet,  but  show  that  its  atmosphere  has  a  strong  absorbing  power, 
and  a  different  one  from  ours. — Co^nptes  Rendus,  August  17,  1864. 
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LXI,   Continuation  of  a  Theory  of  the  Dispersion  of  Light. 
By  Professor  Challis,  M.A.,  F.R.S.,  F.R.A.S.* 

HAVING  been  much  occupied  with  preparing  for  publication 
a  volume  of  astronomical  observations,  I  have  been 
hindered  from  proceeding  with  the  researches  relating  to  the 
Dispersion  of  Light,  which  were  commenced  in  a  communication 
to  the  Number  of  the  Philosophical  Magazine  for  last  June. 
On  account  of  this  interruption,  it  will  be  expedient,  before 
advancing  beyond  the  point  to  which  the  investigation  was 
brought  in  that  communication,  to  mention  briefly  the  principal 
steps  of  the  antecedent  reasoning.  It  was  assumed  that  an 
sethereal  wave  within  a  transparent  medium  obeys  the  same  laws 
as  one  without,  but  is  propagated  with  less  velocity  in  consequence 
of  being  acted  upon  by  an  extraneous  force  always  opposite  in 
direction,  and  proportional  in  magnitude,  to  the  accelerative 
force  due  to  the  sether.  The  density  of  the  gather  was  supposed  to 
be  the  same  within  the  medium  as  without,  and  the  extraneous 
retarding  force  was  considered  to  be  the  mean  effect  of  the  re- 
flexion of  the  motion  of  the  sether  from  the  atoms  of  the 
medium,  a  vast  number  of  atoms  being  supposed  to  be  contained 
in  a  portion  of  space  the  linear  dimensions  of  which  are  ex- 
tremely small  compared  to  the  breadth  (K)  of  a  wave.  The 
amount  of  retardation  depending  not  only  on  the  number  of 
atoms  in  a  given  space  and  their  arrangement,  but  also  on  their 
mobility,  it  is  necessary,  in  order  to  calculate  the  rate  of  pro- 
pagation in  the  medium,  to  determine  the  motion  of  an  individual 
atom  as  resulting  both  from  the  dynamical  action  of  the  waves 
and  the  molecular  forces  of  the  medium.  The  form  of  the  atom 
being  assumed  to  be  spherical,  the  determination  of  the  accelera- 
tion due  to  the  waves  was  shown  to  depend  on  the  solution  of  a 
hydrodynamical  problem  of  which  this  is  the  enunciation  : — A 
series  of  waves  defined  by  the  equations 

2'jr 
T  =  «;acr  =  msin-^  {Kat—x  +  c) 

A 

*  Communicated  by  the  Author. 
Phil.  Mag.  S.  4.  No.  192.  Suppl.  Vol.  28.  2  K 
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is  incident  in  the  direction  of  the  axis  of  a?  on  a  fixed  smooth 
sphere  of  given  radius ;  it  is  required  to  find  the  condensation 
at  any  point  of  the  surface  of  the  sphere  at  any  instant.  Accord- 
ingly the  Article  in  the  June  Number  consists  almost  exclusively 
of  investigations  preparatory  to  the  solution  of  this  problem.  In 
the  first  place  the  solution  was  attempted  by  employing  only  the 
two  usual  fundamental  equations,  and  results  were  arrived  at 
which  were  subsequently  shown  to  be  incompatible  with  the  given 
conditions  of  the  problem.  The  third  general  equation  was 
then  taken  into  account,  and  another  process  of  solution,  in- 
volving the  principle  of  the  new  equation,  was  then  entered 
upon,  but  not  brought  to  a  conclusion.  I  propose  now  to 
resume  the  argument,  taking  it  up  from  the  point  (in  p.  458) 
at  which  the  second  process  was  commenced. 

It  is  unnecessary  to  repeat  that  part  of  the  reasoning  (ending 
in  p.  461)  by  which  the  equation 

«V.^+  — =0  (a) 

was  obtained.    It  will  suffice  to  explain  here  that  in  this  equation 

o-  is  the  condensation,   and  V  the  total  velocity,  at  any  point 

whose  coordinates  are  x,  y,  z  at  the  time  t',  da-  is,  the  increment 

of  condensation,  at  the  given  time,  along  the  line  of  motion 

passing  through  that  point,  corresponding  to  the  increment  ds 

dY  . 
of  space  along  the  same  line ;  and  —,-  is  the  partial  dififerential 

coefficient  of  V  with  respect  to  t.  The  factor  K^a^,  which  holds 
the  place  of  a^  in  the  usual  mode  of  investigation,  takes  account 
of  the  composite  character  of  the  motion.  The  equation  only 
embraces  quantities  of  the  first  order,  and  is  exclusive  of  the 
action  of  any  extraneous  force ;  in  other  respects  it  is  perfectly 
general.  For  our  present  purpose  we  have  to  apply  it  to  cases 
in  which  the  motion  is  symmetrical  with  respect  to  an  axis. 

In  such  cases,  if  r  be  the  distance  of  any  point  from  the 
origin  of  coordinates,  and  6  the  angle  which  this  line  makes 
with  the  axis  of  x,  a  and  V  are  functions  of  ?'  and  6.  Also,  if 
U  and  W  be  the  resolved  parts  of  the  velocity  respectively  along 
and  perpendicular  to  the  same  line,  V^= U^  +  W^.  Consequently 
we  have  the  equations 

da  _dcr    dr      da-    rd9 
ds  ~~  dr    ds     rdd     ds ' 
_da    U     ^    W 
~dr'  Y^rdd'  Y' 

and  :^_^    E_L^    ^ 

dt~  dt'Y^  dt  '  Y' 
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Hence,  by  substituting  in  the  equation  (a), 

At  the  same  time  the  equation  of  constancy  of  mass  to  the  same 
approximation  is 

</(7     ^     2U     ^W     W     ,.     ^ 

^+^+-+7^+T^°^^=^ (^) 

Now,  if  it  be  required  to  apply  the  equations  (/3)  and  (7)  to 
cases  of  motion  in  which  there  is  no  other  relation  between  U 
and  W  than  that  which  results  from  the  mutual  action  of  the 
parts  of  the  fluid,  since  the  analysis  is  required  to  determine 
that  relation,  we  must  equate  separately  to  zero  the  quantities 
in  brackets  in  the  equation  (/3).  In  fact,  if  that  equation  be 
multiplied  by  hi,  it  will  seem  to  be  formed  by  a  combination  of 
D'Alembert's  Principle  with  the  Principle  of  Virtual  Velocities ; 
and  as  by  hypothesis  there  is  no  given  relation  between  the 
virtual  motions  US/  and  WS/,  the  factors  by  which  they  are 
multiplied  must  separately  vanish.  If  U  and  W  be  eliminated 
from  the  two  equations  thus  obtained  and  the  equation  (7),  the 
result  is 

1       d'^.ar     d'^.ar     Ifd'^.ar     d.ar        „^  » 

This  equation  has  been  employed  to  determine  the  resistance  of 
the  air  to  a  vibrating  sphere,  the  centre  of  the  sphere  being  the 
origin  of  coordinates.  It  appears,  however,  to  be  only  applicable 
to  the  case  in  which  the  fluid  is  confined  within  fixed  boundaries. 
For  it  is  evident  that  in  that  case  just  as  much  incompressible 
fluid  must  flow  in  the  direction  contrary  to  the  motion  of  the 
sphere  as  the  volume  of  the  sphere  displaces ;  which  is  precisely 
the  result  to  which  the  analysis  conducts  when  the  vibrations 
are  not  very  rapid,  and  the  movement  of  the  fluid  is  consequently 
very  nearly  the  same  as  if  it  were  incompressible.  The  analysis 
also  shows  that  the  same  equation  applies  to  the  case  in  which 
the  sphere  is  fixed  and  the  mass  of  fluid  is  caused  to  vibrate 
bodily.  In  fact  we  may  pass  from  the  one  case  to  the  other  by 
conceiving  motion  equal  and  opposite  to  that  of  the  sphere  to  be 
impressed  both  on  the  sphere  and  on  the  fluid,  such  impressed 
velocity  not  altering  the  value  of  a,  and  therefore  not  altering 
the  function  that  a  is  of  r,  6,  and  t,  as  given  by  the  above 
equation.  In  both  these  cases  the  velocities  U  and  W  are  related 
to  each  other  in  a  manner  depending  only  on  the  mutual  action 
of  the  parts  of  the  fluids,  the  fixed  boundaries  being  supposed  to 
be  so  far  distant  from  the  sphere  as  not  to  afiect  the  law  of 
the  motion. 

2K2 
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But  the  conditions  of  the  problem  are  wholly  different  if,  as 
I  assume  to  be  the  case,  the  sphere  vibrates  in  fluid  of  unlimited 
extent,  and  impresses  disturbances  upon  it  which  are  propagated 
indefinitely  into  space.  By  applying  to  this  case  the  hydro- 
dynamical  principles  on  which  our  reasoning  is  now  proceeding, 
U  and  W  are  found  to  have  a  known  relation  to  each  other,  by 
introducing  which  into  the  equations  [B)  and  [y)  and  integrating, 
the  motion  of  the  fluid  may  be  completely  determined.  I  do 
not  produce  the  details  of  this  reasoning  here,  because  they  are 
contained  in  the  former  paper  (pages  462  and  463),  and  have 
been  given  in  several  other  communications.  Tt  results  from 
the  solution  of  this  problem  that  the  relative  veXociij  of  the  fluid 
in  contact  with  the  sphere  is  T  sin  0,  —  T  being  the  velocity  of 
the  centre  of  the  sphere,  and  the  angle  6  being  reckoned  from 
the  axis  of  x  on  the  negative  side.  This  value,  however,  implies 
that  terms  involving  the  small  ratio  of  the  radius  of  the  sphere 
to  \  have  been  neglected,  or  that  the  fluid  comports  itself  as  if 
it  were  incompressible. 

Suppose  now  the  velocity  T  to  be  impressed  at  each  instant 
on  the  sphere  and  the  fluid,  so  that  the  sphere  will  be  reduced 
to  rest.  The  actual  velocity  of  the  fluid  along  its  surface  will 
then  be  T  sin  6.  But  on  this  supposition  the  fluid  through 
its  whole  extent  moves  with  the  velocity  T,  and,  excepting  so  far 
as  condensation  is  produced  by  impact  on  the  sphere,  all  its  parts 
have  the  same  density  as  in  the  state  of  rest.  To  pass  from 
this  case  to  that  of  ivaves  of  variable  density  impinging  on  the 
sphere,  it  is  sufiicient  for  a  first  approximation,  considering  the 
small  ratio  of  the  radius  of  the  sphere  to  the  breadth  of  the 
waves,  to  substitute  o-  — cr,  for  a  in  the  equation  which  gives 
the  condensation  in  the  first  case,  cr,  being  the  condensation  at 
any  instant  of  the  incident  wave  at  the  points  of  incidence. 
Through  the  small  extent  of  the  hemispherical  surface  on  which 
the  waves  impinge,  cTj  may  be  regarded  as  uniform,  without 
omitting  quantities  more  significant  than  those  already  neglected. 

But  for  the  determination  of  the  motion  beyond  the  plane  yz 
passing  through  the  centre  of  the  sphere  other  considerations 
are  necessary,  because,  on  account  of  the  varying  density  of  the 
incident  wave,  the  impressed  velocity  is  there  altered  by  the 
mutual  action  of  the  parts  of  the  fluid,  and  the  eff"ect  of  such 
action  can  be  ascertained  only  by  the  solution  of  a  partial  dif- 
ferential equation.  The  course  of  the  reasoning  now  requires 
an  investigation  of  the  amount  of  this  modification  of  the  im- 
pressed velocity. 

Since  the  equation  {^)  is  perfectly  general  for  motion  symme- 
trical with  respect  to  an  axis,  and  applies  to  all  points  of  the 
fluid  at  all  times,  it  will  be  true  if  we  pass  from  one  point  to 


Prof.  Challis  on  the  Dispersion  of  Light.  493 

another  contiguous  point  by  substituting  d  +  W  for  6,  while  r 
and  t  are  constant.  Hence  the  equation  obtained  by  differen- 
tiating (yS)  with  respect  to  6  only  will  be  true.    We  shall  thus  get 

V  dddr^dddtJ^^V''      dr^dtJdd 

+  V  rdd^^  dddtr  ^\  rdd^  dt  )  dd      ^ 

For  the  disturbance  of  the  fluid  produced  by  the  first  hemi- 
spherical surface,  the  relation  between  U  and  W  and  also  that 

dV       ,  dW  ,  ,   ,,  .  ,.       . 

between  -j^  and  -j^   are  known,   and   this    equation  is  con- 
dtf  do 

sequently  not  required  for  determining  that  part  of  the  motion. 

But  for  the  remainder  of  the  motion,  U  and  W,  as  we  have 

argued  above,  and  by  consequence  -^  and  -^,  are  related  to 

each  other  in  part  by  modes  of  fluid  action  ascertainable  only 
by  integration.  To  find  such  relation  between  the  latter  two 
quantities,  we  must  assume,  according  to  a  principle  already 
applied,  that  ,         „,^ 

""'     dr^  dt-^'    ^""^  '^'^     rde^  dt       "• 
Also,  as  consequences  of  these  equations,  we  shall  have 

,V^  +  ^-0    and.V.^  +  ^  =  0 
"  "■     dddr  +  dddt  -  ^'  ^"""^  "-  "■     rdd^  +  dddt     "• 

The  foregoing  equation  is  therefore  satisfied  on  this  assump- 
tion. But  it  is  particularly  to  be  remarked  that  this  process 
implies  that  the  relation  between  U  and  W  does  not  depend 
wholly  on  the  mutual  action  of  the  parts  of  the  fluid.  For  if 
that  were  so,  the  two  latter  equations  would  not  be  required, 
and  we  should  have  the  kind  of  motion  which  was  previously 
shown  to  be  inconsistent  with  the  conditions  of  the  present 
problem.  Consequently  the  four  equations  will  serve  to  deter- 
mine only  those  parts  of  U  and  W  of  which  the  relation  is  not 
otherwise  assignable ;  and  it  is  clear  that,  since  the  original 
equations  are  linear  with  constant  coefficients,  this  portion  of 
the  motion  may  be  determined  independently  of  the  rest. 

..        ,.    .      .       ^U    ^W    d^\]       ,  dm ,  „,, 

After  eliminating  - ,-  >  — r-j  -7^^;  and  —5-7;  by  means  ot  the 
°    dt      dt      dddt  dddt    •' 

four  equations  above  and  the  equation  (7),  and  substituting  q 

for  -77,>  the  result  is 
da 

1       d\qr_d''.qr      1  (d^ .  qr     d.qr  qr\ 
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which,  as  might  have  been  anticipated,  is  the  equation  (8)  dif- 
ferentiated with  respect  to  6.  By  a  like  process  we  might  have 
obtained  the  equation  resulting  from  the  differentiation  of  (S) 
with  respect  to  r ;  but  the  above  equation  suffices  for  the  present 
purpose.  I  proceed  now  to  obtain  a  particular  and  exact 
solution  of  it. 

Let  it  be  assumed  that  g-r  =  ^  sin  ^  cos  ^,  and  that  ^  is  a 
function  of  r  and  t  only.  Then,  by  substituting  this  value  of  qr 
in  the  equation,  the  result  is 

which  accords  with  the  assumption  that  ^  is  a  function  of  r  and  t. 
This  differential  equation,  which  admits  of  exact  integration, 
gives  for  ^  an  expression  containing  arbitrary  functions  of 
r — Kut  and  r  +  Kot.  Excluding  the  function  of  r  +  Kat,  which  is 
inapplicable  to  the  question,  it  will  be  found  that 

da-  _  ff{r-Kat)     fir-KOt)     f{r-Kat)  \   .    .        g 
r^-[ 7^ ^^~"^        3,^-  jsmf^cosf^. 

But  if  W,  be  the  part  of  W  which  depends  only  on  the  mutual 
action  of  the  fluid  elements,  from  what  is  said  above  the  left- 
hand  side  of  this  equation  is  equal  to ^-^  •  —jf'    Hence,  by 

rC    Ct  etc 

integration, 

^x^ica.  (;'^   ^4        -       ^       +       3,-2      )  sill  ^  cos  e, 

no  arbitrary  function  of  r  and  6  being  added,  because  by  the 
conditions  of  the  problem  Wj  is  a  periodic  function  of  the  time. 
The  preceding  investigation  would  suffice  for  finding  the  corre- 
sponding part  of  U,  and  the  condensation  at  any  point  due  to  the 
mutual  action  of  the  parts  of  the  fluid.  But  as  the  sequel  of 
the  reasoning  requires  only  the  knowledge  of  the  velocity  and 
condensation  at  the  surface  of  the  sphere,  this  inquiry  may  be 
omitted.  It  may  also  be  here  remarked  that  as  the  form  of  the 
function  /  is  determined  by  the  given  expression  for  the  velocity 
T  of  the  incident  waves,  and  as  the  conditions  that  "Wi  =  0  where 

6=  -^  and  ^  =  7r  are  satisfied,  all  the  conditions  of  the  problem 

are  definitely  satisfied  by  the  foregoing  value  of  Wj,  which  may 
therefore  be  considered  as  the  only  solution  of  the  equation  (e) 
appropriate  to  the  question. 

By  supposing  r  in  the  general  expression  for  Wj  to  be  equal 
to  c  the  radius  of  the  sphere,  we  obtain  the  velocity  along  the 
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surface  of  the  sphere,  which  I  shall  henceforth  designate  by  the 
same  symbol  W^.  Since  /  is  a  periodic  function  having  the  same 
value  of  A,  as  T,  after  the  substitution  of  c  for  r  the  second  term 

c 

in  the  brackets  will  be  of  the  order  -  x  the  first,  and  the  third 

A/ 

term  of  the  order  —c,  x  the  first.     Hence  the  second  and  third 

terms  are  insignificant  in  comparison  with  the  first,  and  may  be 
omitted.  But  whether  they  are  omitted  or  not,  we  may  put  the 
expression  for  Wj  under  the  general  form 

W, = C«T  +  ^^\  sin  e  cos  6, 

a.  and  /3  being  unknown  constants.  We  have  thus  arrived  at  a 
formula  for  the  alteration  which  the  impressed  velocity  along  the 
second  hemispherical  sui'face  undergoes  by  fluid  action ;  and  as 
the  impressed  velocity  is  T  sin  6,  the  entire  expression  for  the 
velocity  along  that  surface  is 

'T  sin  ^  (1  +«  cos  ^)  +/S ^  sin  6  cos  9. 
at 

I  have  made  use  of  this  expression  in  the  Philosophical  Magazine 
for  February  1860  (p.  90),  but  I  had  not  then  obtained  it  by  so 
complete  an  investigation  as  that  here  given.  We  have  now  to 
determine  by  means  of  the  velocities  along  the  two  hemispherical 
surfaces  the  total  pressure  on  the  sphere  produced  by  the  dyna- 
mical action  of  the  waves,  the  sphere  being  at  first  supposed 
to  be  fixed. 

For  the  first  hemispherical  surface 


cdO        dt      dt 


sin  6. 


Hence   integrating,   and   determining   the   arbitrary   constant 

T  TT    .        . 

so  that  (T=:-cr.=^ —  where  9  =  -,  it  will  be  found  that 

Consequently  the  whole  pressure  on  the  hemisphere,  resolved  in 
the  direction  of  the  incidence  of  the  waves,  is 


27ra V 1  (Td9  sin  9  cos  9  from  ^ = 0  to  6' = |, 

dty 


that  is,  „     2    fa^<x^,    c    dH^ 
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Similarly  for  the  second  half  of  the  surface, 

_  — -r-  =  -^r   z= -J- sm  6  {I  +  a  COS  6)  +  ^ -j-^  sm.  0  cos  ^. 
cdu  dt         dt  (it 

Hence,  by  integrating  from  6=.— to  6=%, 

dT/       .     a       oA     c/3  d^T   cos^O 


t°rr  -^  /y */ 


'^+7^-^-dth^+h''"^y 


and  the  whole  pressure,  resolved  as  before  in  the  direction  of  inci- 
dence, is 

Hence,  if  the  mass  of  the  sphere  be  A  x  its  volume,  A  being  an 
unknown  constant,  and  if  the  sum  of  the  two  pressures  above 
obtained  be  divided  by  this  mass,  the  acceleration  which  the 
waves  tend  to  produce  in  the  direction  of  their  propagation  is 

K^A  ■  \dt\       W      16  '  dt^  \' 

Passing  now  to  the  case  of  a  moveable  sphere,  it  is  allowable, 
on  the  principle  of  the  coexistence  of  small  vibrations,  to  deter- 
mine the  dynamical  eflFect  of  a  given  series  of  waves  by  consi- 
dering, apart  from  any  other  motion  the  sphere  may  have,  that 
which  the  waves  would  produce  by  themselves.  But  it  is  evi- 
dent that  the  waves  are  effective  only  in  proportion  to  the  rela- 
tive velocity  of  the  fluid  and  the  sphere ;  that  is,  x  being  the 
coordinate  of  the  centre  of  the  sphere,  and  regarded  positive  in 
the  direction  of  propagation,  the  effect  is  proportional  to 

n,     dx  .    2tt  dx 

T 77^  or  m  sm  -r-[bt-\-c)  — j-  ^ 

dt  \  ^  dt 

the  term  —x'va.  the  expression  for  T  being  omitted,  because  the 

excursions  of  the  sphere  are  supposed  to  be  extremely  small 

about  a  mean  position,  which  may  be  taken  for  the  origin  of  x. 

dx 
Now  -J-,  since  it  depends  only  on  T,  will  be  a  periodic  function 

having  the  same  period  as  T,  and  consequently  T— -^  will  be 

similarly  periodic.  Hence,  calling  this  quantity  T',  if  we  sub- 
stitute T'  for  T  in  the  foregoing  expression  for  the  accelerative 
force  the  sphere  being  fixed,  we  shall  have  the  acceleration  of  the 
sphere  in  motion,  so  far  as  it  is  due  to  the  action  of  the  waves. 

Again,  as  I  have  argued  in  the  article  "  On  Double  Refrac- 
tion "  in  the  Philosophical  Magazine  for  December  1863  (p.  473), 
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the  displacement  of  any  atom  of  the  medium  in  which  the  light  is 
propagated  will  necessarily  bring  into  play  the  molecular  forces 
of  the  medium.  Having  found  that  the  reasoning  on  this  point 
in  the  article  just  cited  requires  correction,  I  propose  now  to 
determine  again  the  acceleration  of  the  atom  due  to  the  elasticity 
of  the  medium.  Suppose  that  by  the  action  of  the  sethereal 
waves  the  mean  interval  between  consecutive  atoms,  estimated 
in  the  direction  of  propagation,  is  diminished  by  a  quantity  (e)  ex- 
tremely small  compared  to  that  interval.  Then  since  the  result- 
ing molecular  action  is  proportional  to  the  relative  displacement 
of  the  atoms,  the  acceleration  of  an  atom  due  to  this  cause  is 

de 
—  ^"j-'  e  being  considered  to  be  a  function  of  x,  and  e^  being 

an  unknown  constant.  But  since  the  movements  of  the  atoms 
are  determined  by  the  action  of  the  waves,  it  follows  that  these 
movements  and  the  values  of  e  are  propagated  through  the 
medium  with  the  velocity  (i)  of  the  propagation  of  the  waves. 
Hence,  just  as  in  any  case  of  uniform  propagation, 

v^be=f{x—bt), 
V  being  the  velocity  of  any  atom.     Consequently 
o    de      e^    dv      e^    d'^x  , 

-'  'dx  =  b-'dt=b-'W'''^'''^'^^- 
It  should  be  remarked  here  that  e^  may  be  regarded  as  a  mea- 
sure of  the  force  by  which  an  atom  displaced  relatively  to  sur- 
rounding atoms  tends  to  return  to  a  position  of  relative  equili- 
brium. On  account  of  the  small  movements  with  which  we  are 
concerned,  which  do  not  sensibly  affect  the  density  of  the 
medium,  this  force  must  be  very  nearly  the  same  as  that  by 
which  a  single  atom  displaced  tends  to  return  to  its  position  of 
absolute  equilibrium  ;  so  that  e^  may  be  taken  as  the  measure 
of  molecular  elasticity  in  the  given  direction  of  propagation.  In 
the  former  investigation  this  quantity  was  incorrectly  stated  to 
be  a  measure  of  elasticity  as  inferred  for  a  continuous  body  from 
a  given  relation  between  its  pressure  and  density,  which  is 
dependent  on  the  other  measure,  but  not  identical  with  it.  It 
is  possible  that  e^,  as  resulting  from  the  immediate  action  of 
molecular  forces,  may  be  comparable  in  magnitude  with  b^. 

The  investigation  has  now  conducted  to  the  following  equation 
for  determining  the  motion  of  the  atom  : 

dt'^~~i^'  \_dt  \       \q)  ~  16  '  dt^  j^  b^'  dt^  ' 
A  first  integration  of  this  equation  gives 

dx  b^  /t'A-^^-^    ^\ 

dt  ~  K^Aib^-e^)      I     \       16/      16     dtj* 


498  Prof.  Challis  on  the  Dispersion  of  Light. 

no  arbitrary  constant  being  added,  because  we  have  to  consider 
no  other  motion  than  that  which  the  waves  originate,  which,  by 
hypothesis,  is  wholly  periodic.     At  the  same  time  we  have 

^  =  msin^(i^  +  c)-T'. 
at  A-  ^  ' 

Hence  the  last  equation  may  be  put  under  this  form, 


/7T'  2-77 

^+QT'=MQsin^(i^  +  c), 


in  which 


^  16/  oa/-,      e^\     -,      3a\      ,  ,,        /,      16-3«\ 

Consequently  by  a  second  integration,  after  substituting  cot  -^ 
27rl} 

^Q  T'=-Msin^cosC^(i^  +  c)+>/ry 


„       27rl) 
tor    -t-f:' 


Now  the  condition  of  transparency  of  the  medium  requires  that 
T',  the  relative  velocity  of  the  ajther  and  the  atom,  should  be 
proportional,  or  very  nearly  so,  to  the  velocity  of  the  rether ;  for 
in  that  case  the  mean  retardation  of  the  waves  is  produced  by 
the  atoms  in  motion  nearly  in  the  same  manner  as  by  the  atoms 

IT 

fixed.     This  condition  is  fulfilled  if  i/r  be  veiy  nearly  equal  to  — , 

lit 

or  if  Q  be  a  very  large  quantity,  which  is  the  case  if  /8  be  very 
small.  We  are  thus  led  to  conclude  that  the  term  containing  /3 
as  a  factor  in  the  general  value  of  W  is  insignificant  when  the 
problem  is  to  determine  the  dynamical  effect  of  the  sethereal 
waves  in  producing  vibrations  of  the  atoms.  I  have  elsewhere 
shown  (Phil.  Mag.  for  November  1859,  j).  332)  that,  in  inquiring 
whether  the  waves  have  the  effect  of  producing  permanent 
motions  of  translation  of  the  atoms,  that  term  has  to  be  taken 
into  account. 

TT 

Supposing,  therefore,  that  '\/r=  -,  the  results  obtained,  after 
substituting  for  Q  in  the  above  value  of  M,  are 


T'=Msin^(6/+c),     M=/w j^- —- 

^^/c^aV        16/ 

Let  fi  represent  the  ratio  of  the  rate  of  propagation  [ica)  out  of 
the  medium  to  the  rate  {b)  within  the  medium.  Then  by  the 
reasoning  I  have  given  in  the  article  "  On  Double  Refraction  " 
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(pp.  475, 476),  if  8  be  the  density  of  the  medium  and  /li^  —  1  =  H8, 
the  atoms  being  supposed  fixed,  the  mobihty  of  the  atoms  is 
taken  into  account  by  multiplying  the  right-hand  side  of  this 
equation  by  the  factor  that  multiplies  m  in  the  above  expression 
for  M.     Thus  we  have 


.V-^^.^+«^Xl-T§)' 


This  equation  to  the  first  power  of  e^  may  be  put  under  the  form 

A  and  B  being  positive  quantities.  Hence  the  equation  I  have 
employed  in  my  theory  of  Double  Refraction  (Phil.  Mag.  for 
December  1863,  p.  479)  is  verified  by  this  new  investigation. 

In  all  the  foregoing  reasoning  \  has  been  supposed  to  have  a 
given  value.  To  apply  the  equation  (-?;)  in  accounting  for  the 
phenomenon  of  Dispersion,  it  is  necessary  to  discuss  the  cha- 
racter of  the  factor  a,  this  being  the  only  quantity  in  it  which 
can  contain  X  explicitly.  Now  it  was  found  that  the  velocity  (W) 
of  the  sether  along  the  second  half  of  the  spherical  atom  is  given 
generally  by  the  equation 

W  =  Tsin6'  +  «Tsin^cos^. 

If  the  same  kind  of  reasoning  were  applied  to  the  case  of  a  uni- 
form stream  encountering  the  atom,  which  may  be  regarded  as  a 
case  of  vibratory  motion  for  which  X  is  indefinitely  great,  the 
second  term  of  the  value  of  W  would  be  found  to  disappear. 
(See  Phil.  Mag.  for  November  1859,  p.  324.)  Hence  a  is  a 
function  of  X  which  decreases  as  \  increases.  In  general  that 
term  expresses  the  difference  between  the  effect  of  a  stream  and 
that  of  a  series  of  vibrations,  which  difference  is  owing  to  the 
prevention  of  lateral  spreading  by  the  state  of  vibration.  I  have 
remarked  in  the  preceding  paper  on  Dispersion  (p.  460),  that  in 
consequence  of  waves  being  compounded  of  separate  vibrations 
parallel  and  pei'peudicular  to  rectilinear  axes,  lateral  spreading 
may  be  counteracted  in  such  manner  that  the  whole  motion, 
direct  and  transverse,  may  be  included  in  a  cylindrical  space  of 
small  transverse  section.  The  same  cause  must  operate  in  a 
degree  to  check  the  lateral  spreading  by  which  the  portion  of 
the  incident  waves  that  passes  the  atom  tends  to  supply  the 
place  of  the  portion  which  the  atom  intercepts.  In  the  paper 
"  On  Double  Refraction ''  (p.  468),  an  expression  is  given  for 
the  function  /  which  defines  the  law  of  the  diminution  trans- 
versely of  the  vibrations  pai'allel  to  a  single  axis.  From  this 
expression  it  may  be  inferred  that  at  a  given  position  the  diminu- 
tion for  any  number  of  component  vibrations,  whether  or  not 
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their  axes  be  parallel,  may  be  denoted  by  sucb  an  expression  as 

r,  the  distance  from  an  axis,  being  diflPerent  for  every  different 
axis.  As,  on  account  of  the  small  ratio  of  the  radius  of  the  atom 
to  \,  we  are  concerned  here  only  with  values  of  r  extremely 
small  compared  to  X,,  it  may  be  presumed  that  the  first  term  of 
the  series  is  much  more  considerable  than  the  remainder. 
Guided  by  these  considerations,  I  shall   now  assume  that  the 

factor  a  is  equal  to  —^  h  being  an  unknown  constant,  but  neces- 
sarily positive,  because  cos  d  is  negative.  This  quantity  being 
substituted  for  a  in  the  equation  (?;),  the  relation  between  /i  and  \ 
may  be  put  under  the  form 

(^._l)2_(^2_i)A  +  ^B  +  C=0,    .     .     .{0) 
in  which 

A='$^-^  +  |?+Ha.  B=^„  c=m(^i|!-i). 

These  expressions  show  that  A,  B,  and  C  Sive positive  quantities; 
but  theory  alone  is  incapable  of  determining  their  numerical 
values.  I  proceed  now  to  test  the  equation  {6)  by  experimental 
data. 

For  this  purpose  I  have  adopted  Fraunhofer's  values  of  \,  and, 
for  a  fii'st  instance,  have  selected  his  values  of  fju  for  Flint  Glass, 
No.  13.  (See  arts.  437  and  751  of  the  "Treatise  on  Light" 
in  the  Encyclopiedia  Metropolitana.)  To  determine  the  constants 
of  {6),  three  equations  were  formed  by  means  of  the  values  of 
fi  and  X.  for  the  rays  B,  E,  and  H,  the  solution  of  which  gave 
the  results 

A  =  9-]2778,     B  =  l-39857,     C  =  ll-97853. 

The  values  of  X,  for  the  other  I'ays  were  then  calculated  by  the 
formula  [6)  from  the  corresponding  values  of  ^l,  and  compared 
,  as  follows  with  observation  : — 


Ray. 

Value  of  )it. 

Xby 

observation. 

Xby 

calculation. 

Excess  of 
calculation 

B     .     . 

1-62775 

2-541 

(2-541) 

0-000 

c  :  . 

1-62968 

2-422 

2-425 

+  0003 

D    .     . 

1-63504 

2-175 

2174 

-0-001 

E     .     . 

1-64202 

1-945 

(1-945) 

0-000 

F     .     . 

1-64826 

1-794 

1-796 

+  0-002 

G    .     . 

1-66029 

1-587 

1-592 

+  0005 

H    .     . 

1-67106 

1-464 

(1-464) 

0-000 
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The  values  of  \  in  brackets  were  those  used  in  determining  the 
constants.    The  adopted  unit  of  \,  which  is  arbitrary,  was  chosen 


for  convenience  in  calculating. 


The  following  results  were  obtained  by  a  like  comparison  for 
oil  of  cassia,  which  was  selected  on  account  of  its  great  disper- 
sive power.  The  numbers  are  taken  from  Professor  Baden 
Powell's  paper  in  the  Transactions  of  the  Royal  Society  for  1837, 
Part  I.  p.  33. 


Ray. 

Value  of  fi. 

obseryation. 

Xby 
calculation. 

Excess  of 
calculation 

B. 

.     .     1-5885 

2'541 

(2-541) 

0-000 

C.     . 

.     .     1-5918 

2-422 

2-428 

+  0-006 

D. 

.     .     .     1-6017 

2-175 

2-174 

-0-001 

E. 

.     .     1-G155 

1-945 

(1-945) 

0000 

F. 

.     .     1-6295 

1-794 

1-791 

-0-003 

G. 

.     .     1-6607 

1-587 

1-583 

-0004 

H.     . 

.     .     1-7002 

1-464 

(1-464) 

0  000 

The  equ 

ations  for  determining  the  constants  gave 

A= 4-55574,   B 

=  0-64905, 

C  =4-46624. 

In  the  first  example,  the  difference  between  the  first  and  last 
values  of  /i  is  00433,  and  that  between  the  first  and  last  values 
of  \  is  1-077.  Hence  a  difference  of  O'OOl  in  X  corresponds  on 
the  average  to  a  difference  of  0-00004  in  fj,.  In  the  same  man- 
ner it  will  be  found  that  in  the  second  example  a  difference  of 
0-001  in  X,  corresponds  to  000010  in  fj,.  Taking  these  propor- 
tions into  account,  it  will  be  seen  that  the  accordance  between 
theory  and  observation  is  much  more  exact  in  the  above  com- 
parisons than  in  the  corresponding  ones  made  by  Professor 
Powell  in  the  Transactions  of  the  Royal  Society  for  1835, 
Part  I.  p.  252,  and  in  the  paper  above  cited.     The  accordance 

might  be  made  still  closer  by  assuming  u  to  be  equal  to  t^"*"  v4' 

but  as  another  constant  would  then  have  to  be  determined,  the 
resulting  equation  would  amount  to  little  more  than  a  formula 
of  interpolation.  The  above  comparisons,  however,  by  showing- 
that  the  equation  {0),  derived  entirely  from  antecedent  physical 
principles,  is  capable  of  giving  results  in  accordance  with  expe- 
riment, afford  evidence  both  of  the  truth  of  the  theoretical  expla- 
nation of  dispersion,  and  also  of  the  principles  on  which  it  rests. 
I  had  previously  obtained  other  equations,  none  of  which  were 
found  on  trial  to  admit  of  satisfactory  comparison  with  experi- 
ment ;  but  at  the  same  time,  as  the  present  more  complete  in- 
vestigation has  shown,  they  were  not  strictly  deduced  from  the 
a  priori  principles. 
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The  applications  of  my  hydrodynamical  researches  which  I 
have  made  from  time  to  time  in  the  undulatory  theory  of  hght, 
have  now  embraced  most  of  the  leading  phenomena^  excepting 
that  hitherto  I  have  not  indicated  their  application  to  the  phe- 
nomena of  Diffraction.  The  theoretical  explanations  that  have 
been  given  of  this  class  of  facts  rest  mainly  on  an  assumed  law 
of  limited  lateral  divergence,  and  on  this  assumption  have  been 
successful.  Now,  from  reasoning  contained  in  this  and  previous 
communications,  I  am  justified  in  inferring  that  this  law  is  a 
consequence  of  the  composite  character  of  waves,  and  of  the 
circumstance  that  the  component  vibrations  are  partly  direct 
and  partly  transversal.  Also  the  supposition  usually  made  in 
the  mathematical  treatment  of  problems  of  diffraction,  that  the 
waves  are  compounded  of  indefinitely  small  parts  each  possessing 
the  property  of  limited  lateral  divergence,  is  in  accordance  with 
this  hydrodynamical  theory  of  the  composition  of  waves.  I 
have  never  been  able  to  perceive  how  such  a  supposition  is  con- 
sistent with  a  theory  of  light  which  regards  the  asther  as  com- 
posed of  discrete  atoms.  On  the  whole  the  results  of  my  re- 
searches give  reasons  for  the  conclusion  that  the  undulatory 
theory  of  light  rests  legitimately  on  no  other  than  a  hydro- 
dynamical basis. 

Cambridge,  November  21,  1864. 

LXII.  Miner aloffical  Notes.     By  Professor  N.  S.  Maskelyne 

and  Dr.  Viktor  von  Lang,  of  the  British  Museum. 

[Continued  from  p.  150.] 

[With  a  Plate.] 

On  the  Crystalline  Form  of  Malachite.     By  Viktor  von  Lang. 

AFTER  I  had  published  my  first  Note  on  this  subject  I  came, 
in  the  mineral  collection  of  the  British  Museum,  upon 
several  more  tolerably  well  crystallized  specimens  of  malachite,  of 
which  the  following  is  a  description.  These  new  observations 
not  only  confirmed  my  previous  ones,  but  also  led  me,  as  I 
believe,  to  a  somewhat  more  accurate  determination  of  the  cry- 
stallographic  elements  of  malachite,  viz. 

a:b:c  =  07823  :  1  :  0*4036. 

ac  =  90°  3'. 

They  were  deduced  from  the  angles 

1  1  0  . 1 1  0  =  75  56 
101.100  =  61  53 
103.100  =  98  43, 
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which  are  the  means  of  numerous  measurements — the  first  angle 
being  observed  on  crystals  from  Siegen*,the  two  others  on  cry- 
stals from  Nijni  Tagilsk. 

Including  the  new  planes  on  the  crystals  I  am  going  to  de- 
scribe, we  have  for  malachite  the  planes 

100,  010,  001,  110,  101,  103,  103,  l04, 
124,  I34,  l23,  112,  323,  221, 

for  which  we  find  the  following  angles  calculated  with  the  above 
elements : — 


100. 

010. 

001. 

1  10. 

110. 

001 

88  57 

90°  d 

0°  6 

89*  id 

89°  id 

no 

37  58 
61  53 

52  2 
90  0 

89  10 

0  0 

75  56 

101 

27  4 

68  11 

68  11 

104 

96  19 

90  0 

7  22 

94  59 

94  59 

103 

98  43 

90  0 

9  46 

96  53 

96  53 

102 

103  29 

90  0 

14  32 

100  36 

100  36 

124 

96  11 

78  39 

13  30 

87  56 

101  54 

134 

9^    3 

73  15 

18  15 

84  36 

106  32 

"123 

98  25 

75  8 

17  44 

87  34 

105  52 

Tl2 

103  14 

78  54 

18  13 

93  33 

107  23 

323 

114  38 

76  11 

30  32 

101  11 

119  11 

221 

128  16 

60  27  53  10 

100  39 

142  20 

The  following  newly  observed  combinations  are,  like  all  crystals 
of  malachite,  twinned  on  the  axis  (1_0  0). 

Plate  VII.  fig.  1.— 10  0,  101,  2  21. 

The  specimen  on  which  this  by  no  means  small  crystal  occurred 
consists  of  larger  crystals  penetrating  each  other.  But  this  crys- 
tal was  the  only  one  of  which  at  least  one  end,  formed  by  the 
enumerated  planes,  was  not  in  contact  with  other  crystals.  The 
planes  1  0  1  on  the  top  seem  to  have  been  produced  by  cleavage. 
The  planes  2  21  are  not  good,  and  are  striated  parallel  with 
their  intersection  with  the  prism  110. 

The  observed  angles  are 


*  These  crystals  were  already  described  in  the  previous  Note. 
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r  1  0 .  2  2  1  =  39  appr.  37  40  calc. 

2  21.221  =57     „  59     6    „ 

[2  2  1 .  2  2  1]  [1 1  0 . 1  T  0]  =  44     „  44  37    „ 

[221.1Sg][Tl0.0ll]  =50     „  51     6    „ 

The  last  two  angles  are  angles  between  edges^  and  could  be  mea- 
sured pretty  accurately  with  the  microscope. 

Fig.  2.— 10  0,  110,  101,   10  3,   12  3. 

Fig.  3.— 1  0  0,  010,  110,   12  3,  3  2  3. 

These  forms  were  observed  on  small  crystals  from  Medno 
Roudiansky  mine,  near  Nijni  Tagilsk,  Ural.  They  are,  with 
regard  to  the  distinctness  of  the  smaller  planes,  the  best  crystals 
I  had  for  measurement.     I  found  on  them  the  angles 


101.100= 

62  53 

61 

53  calc 

103.100  = 

98  48 

98 

43    „ 

103.101  = 

36  58 

36 

51    „ 

103.110  = 

96  52 

96 

53    „ 

103(100)103  = 

17  31 

17 

26    „ 

123.010  = 

74  54 

75 

8    „ 

123.123  = 

29  33 

29 

44    „ 

123.110  = 

87  47 

87 

34    „ 

I23.ll0= 

105  48 

105 

68    „ 

323.100  = 

66  appr. 

65 

22    „ 

323.333  = 

971 
~'  2     >> 

28 

44    „ 

323.110  = 

62      „ 

60 

49    „ 

Crystals  from  a  specimen  from  an  unknown  locality  were  similar 
to  fig.  2,  only  the  planes  101  were  wanting,  and  the  planes 
T  2  3  were  more  developed.  The  planes  reflected  the  light  very 
well.     I  observed 

1  0  0  I  0  3  =  9°8  49         98  43  calc 
l03  123  =  30  appr.      29  44    „ 

The  collection  of  the  British  Museum  contains  also  specimens 
from  the  now  exhausted  locality  at  Rheiubreitenbach.  But  the 
crystals  from  this  locality,  although  the  largest  of  all,  are  not 
good  for  measurement,  as  they  penetrate  each  other  very  much, 
and  are  moreover  coated  with  foreign  matter.  They  seem  to  be 
combinations  of  1  1 0  and  12  3,  the  prism  110  being  not 
much  developed,  as  in  fig.  3. 
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But,  induced  by  tlie  greater  size  of  tliese  crystals,  I  tried  to 
determine  directly  the  mean  coefficient  of  refraction  for  this  sub- 
stance. I  obtained  without  great  difficulty,  out  of  a  part  of  a 
crystal,  a  prism  formed  by  the  cleavage-planes*  of  the  two  twinned 
individuals  and  by  an  artificial  plane  in  one  zone  with  the  two 
other  planes.  This  artificial  plane  formed  in  consequence  two 
angles,  the  better  one  of  them  being  23'^  26'.  But  for  the  mini- 
mum deviation  of  the  ordinary  ray  through  this  angle  I  could 
only  get  the  approximate  value  20°  34',  having  neither  direct 
sunlight  nor  artificial  light  at  my  disposal — an  essential  condi- 
tion when  one  has  to  work  with  such  small  prisms.  As  the 
prism  is-  parallel  to  the  mean  axis  of  elasticity,  one  finds  from 
the  given  data  for  the  mean  coefficient  of  refraction  the  value 

/3=  1-887. 

On  the  Crystalline  Form  of  Gis.nondine.     By  Viktor  von  Lang. 

Under  the  name  of  Gismondine  a  zeolithic  mineral  is  desig- 
nated, which  in  the  form  of  small  square  pyramids  occurs  on  a 
basaltic  lava  in  the  neighbourhood  of  Rome.  The  British 
Museum  contains  two  specimens  of  it,  one  from  Valerano,  the 
other  from  Capo  di  Bove,  both  localities  near  Rome.  Some 
mineralogists  were  of  the  opinion  that  these  square  pyramids 
are  only  twin  crystals  of  Phillipsite,  which  indeed  is  found  in 
forms  nearly  approaching  an  octahedron ;  but  then  the  lines  of 
twinning  may  always  be  seen  on  the  planes  of  the  octahedron, 
of  which  not  the  least  trace  could  be  found  on  the  crystals  of  the 
two  specimens  in  the  British  Museum.  Nor  by  polarized  light 
could  I  detect  in  these  crystals  any  twin  structure,  but  I  found 
by  the  aid  of  it  that  the  crystals  arc  single  individuals  which 
belong  to  the  prismatic  system. 

A  closer  inspection  indeed  of  the  twinned  crystals  shows  at 
once  that  the  four  planes  forming  the  top  of  the  supposed 
pyramid  never  meet  in  one  point ;  they  are,  in  fact,  combinations 
of  a  vertical  prism  (1 1  0)  with  a  horizontal  one  (1  0  1),  fig.  1, 
PI.  VIL  A  section  perpendicular  to  the  axis  a  became,  when 
turned  between  two  crossed  Nicol  prisms,  dark  and  bright,  show- 
ing by  this  fact  that  the  axis  a  cannot  be  the  axis  of  ,a  square 
pyramid ;  the  planes  of  polarization  were  for  this  section  parallel 
with  its  edges,  rendering  also  impossible  the  supposition  that 

*  These  two  eleavage-plaues  formed  an  angle  of  55°  28'  (56°  14'  calc.), 
which  could  be  measured  with  great  accuracy.  From  this  it  follows  that 
the  twin  plane  bisects  the  obtuse  angle  of  the  two  cleavage-planes.  These 
facts  seem  to  prove  that  the  crystals  from  Rheinbreitenbach  are  not  twinned 
on  the  plane  (0  0  1) — an  opinion  expressed  b}'  M.  Hessenberg  in  the  last 
Number  of  his  valuable  Mineralogical  Notes,  with  which  he  favoured  me 
while  the  above  was  going  to  press. 

Phil,  Mag.  S.  4  No.  192.  Suppl  Vol.  28.  2  L 
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the  crystals  are  prismatic  pyramids.  By  means  of  a  second  sec- 
tion perpendicular  to  the  axis  c,  it  was  found  that  the  plane  of 
the  optic  axes  is  indeed  perpendicular  to  the  axis  a,  and  that 
the  character  of  the  mean  line  (probably  the  first)  coinciding  with 
the  axis  c  is  negative.  The  points  of  the  axes  themselves  could 
not  be  seen,  as  the  angle  of  the  optic  axes  is  too  great  for  this ; 
but  another  section,  a  little  inclined  to  the  former  one,  showed 
one  axis,  by  which  one  could  see  that  the  negative  angle  of  the 
optic  axis  is  smaller  for  red  than  for  blue  light. 

The  planes  of  the  crystals  are  not  very  good  for  measuring, 
but  the  crystals  are  cleavable  parallel  to  planes  (1  01),  and  by 
means  of  such  cleavage-planes  I  determined  the  angles 

1  0 1  . 1  0 1  =  93  41 
1  1  0 . 1  0 1  =  65  18 

110.110=  90°  50'  calc, 

whence  we  find 

«:6:c=l:0'9856:  0-9377. 

As  for  the  axes  of  optic  elasticity,  we  found 

a\\c         6  II  a         Cljij 

the  symbol  of  the  optical  orientation  becomes 

6ca. 

Last  summer  I  had  the  opportunity  of  seeing  two  quite  similar 
specimens  in  the  mineralogical  collection  of  the  Berlin  Univer- 
sity. The  accompanying  label  gave,  "Gismondine  [variete  de- 
crite  par  Gismondi,  qiu  est  la  plus  rare] :  Capo  di  Bove  pres  de 
Rome.     Monsignore  Lavinio  de  Medice,  Speelo,  Roma.^' 

On  the  Crystalline  Form  of  Herschelite.     By  Viktor  von  Lang. 

It  has  hitherto  been  supposed  that  Herschelite  crystallizes  in 
the  hexagonal  system ;  but  the  optical  investigation  of  the  nu- 
merous specimens  in  the  mineralogical  collection  of  the  British 
Museum  showed  that  Herschelite  belongs  to  the  prismatic 
system,  and  that  its  hexagonal  forms  are  only  produced  by  the 
twin  association  of  six  individuals.  One  has  only  to  grind 
down  the  crystals  a  little,  as  the  top  plane  is  always  rounded,  to 
see  with  the  polarizing  apparatus  the  internal  structure  of  the 
crystals  as  represented  in  fig.  4,  PI.  VII.  Each  triangular  section 
is  doubly  refracting,  and  gives  moreover  two  optic  axes,  the  planes 
of  which  bisect  the  central  angle  of  each  section.  The  angle  of 
the  optic  axes  is  very  small,  the  character  of  the  first  mean  line 
negative. 

In  making  these  observations,  one  has  only  to  take  care  that 
the  crystal  is  not  too  thin,  as,  the  double  refraction  being  not 
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very  considerable,  it  is  then  difficult  to  see  the  differences  of  the 
intensity  of  the  light  in  turning  round  the  crystal.  In  conse- 
quence of  these  remarks,  the  prism-planes  of  the  crystals  of 
Herschelite  obtain  the  symbol  10  0;  and  the  planes  in  the  zone 
[10  0,  0  01],  001  being  the  top  plane,  become  planes  of  ho- 
rizontal prisms  parallel  to  the  shorter  diagonal  of  a  prism  110, 
on  the  planes  of  which  the  crystals  are  twinned.  As  none  of  the 
planes  are  very  good  for  measurement,  the  following  crystallo- 
graphic  data  of  Herschelite  can  only  be  considered  as  approxi- 
mations. 

The  observed  planes  seem  to  correspond  to  the  symbols 
100,  301,  502,  201,  101,  001. 
Taking  for  the  elements 

a:  6  :c=  1:0-5774: 0-8576, 
we  calculate  for  these  planes  the  angles 

301.100  =  21  14 
502.100  =  25  0 
201.100  =  30  15 
101.100  =  49  23 
110.100  =  60     0 

The  observed  combinations  are : — 

PI.  VII.  fig.  1.— 001,  5  0  2. 

On  a  crystal  from  Aci  Reale,  Sicily.    One  of  these  crystals  gave 

5  0  3  .  5  0  2  =  49°  51' (50°  0' calc.) 

Fig.  2.— 100,  3  01,  101,  0  01. 

From  Aci  Castello  near  Aci  Reale,  Sicily.    I  found  on  a  crystal, 

100.301  =  21  56         21  14calc. 
100.101  =48  30        49  23    „ 
1  0 1 . 1  0 1  =  98  46        98  46    „ 

These  crystals,  like  the  foregoing,  occur  on  a  sort  of  lava; 
they  arc  often  associated  together  in  spherules,  but  arc  also  found 
single,  imbedded  in  the  vesicular  mass,  from  which  they  can 
easily  be  got  out.  Such  crystals,  very  small  but  with  tolerably 
good  planes,  were  combinations  only  of  3  0  1  and  001,  with  an 
angle 

3  01.301=  39i°-42°  (42°  28'  calc). 
The  top  face  of  these  crystals  was  also  tolerably  plane,  but  rough. 

Fig.  3.— 10  0,  2  01,  0  01.  * 

These  crystals,  from  Cyclops,  Catanea,  are  also  interesting  on 
account  of  their  association,  coating  with   Phillipsite  a  mass  of 

2L2  ' 
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basalt.     I  observed 

10  0.201  =314°      (30°  15'calc.) 
110(10  0)  110  =  59-01°  (60      0     „    ) 

The  plane  101  seems  also  to  occur  on  some  of  these  crystals. 
The  plane  001  on  one  of  them  showed  re-entering  angles, 
which,  although  not  measurable,  are  also  a  proof  of  the  twin 
structure. 

A  very  interesting  specimen  of  Herschelite  from  Victoria, 
Australia,  was  lately  given  to  the  British  Museum  by  Mr. 
Selwyn,  the  colonial  geologist,  who  found  it  himself.  The  crys- 
tals, occurring,  like  those  just  described,  on  basalt,  are  aggre- 
gated together  in  a  greater  quantity  ;  and  although  much  larger 
than  those  from  Italy,  are  still  less  fit  for  good  measurements,  the 
planes  being  broken  in  every  direction.  They  have  the  form  of 
fig.  1  ;  and  I  observed  on  one  of  the  crystals 

5  0  2.502  =501°  (50°  0'  calc.). 

The  angles  of  the  top  i)lane  are  very  much  rounded,  so  that  the 
edges  5  0  2.502  are  quite  obliterated. 

The  optical  ])roperties  of  these  crystals  are  exactly  the  same  as 
those  of  the  Italian  specimens. 


LXIII.  The  Bakerian  Lecture. — Contributions  to  Molecular 
Physics.  Being  the  Fifth  Memoir  of  Researches  on  Radiant 
Heat.     By  John  Tyndall,  F.R.S.,  ^c. 

[Continued  from  p.  458.] 

§  VII.  Influence  of  tanperature  on  the  transmission  of  radiant 

heat. 

'^"^IIE  power  of  varying  at  will  the  temperature  of  the  platinum 
-i.  spiral  renders  it  peculiarly  suitable  for  the  examination 
of  the  intluence  of  temperature  on  the  transmission  of  radiant 
heat.  To  obtain  sources  of  different  temperatures,  Melloui 
resorted  to  lamps,  to  spirals  heated  to  incandescence  by  the 
flame  of  alcohol,  to  copper  laminae  heated  by  Hame,  and  to  the 
surfaces  of  vessels  containing  boiling  water.  No  conclusions 
regarding  temperature  can,  as  will  afterwards  be  shown,  be 
drawn  from  such  experiments;  but  by  means  of  the  platinum 
spiral  we  can  go  through  all  those  changes  of  temperature, 
retaining  throughout  the  same  vibrating  atoms,  and  we  can  there- 
fore investigate  how  the  alteration  of  the  rate  of  vibration  affects 
the  rate  of  absorption.  The  folldwing  seriesof  experiments  were 
executed  on  the  9th  of  October,  with  a  platinum  spiral  raised  to 
barely  visible  redness,  and  vapours  at  a  tension  of  0*5  of  an  inch. 
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Table  XII. — Kadiation  of  heat  through  Vapours.     Source  of 

heat,  platinum  spiral  barely  visible  in  the  dark. 

Name  of  vapour.                    Deflection.  Absorption  jier  100. 

o 

Bisulphide  of  carbon      .     .       7*5  6-5  \ 

Bisulphide  of  carbon      .     .       7"45  6-4  J 

Chloroform 10-5  Ij-I  1 

Chloroform 10-5  9-1 J 

Iodide  of  methyle      .     .     .     14"5  12'5  \ 

Iodide  of  methyle      .     .     .     14-5  12-5  J 

Iodide  of  cthyle   ....     24-2  20-9  \ 

Iodide  of  cthyle   ....     24-5  .         21'1  J 

Benzole 31-0  26*7  "1 

Benzole 300  25-9/ 

Amylene 37-6  35-61 

Amylenc 37-8  35-9  J 

Sulphuric  ether    ....     41"I  43*4  "1 

Sulphuric  ether    .     .     .     .     41-0  43-4  J 

Formic  ether 41-7  45-0 1 

Formic  ether 41-8  45-3  J 

Acetic  ether 43 '6  49*8  1 

Acetic  ether 43-4  49-3  J 

On  the  10th  of  October  the  following  results  were  obtained 
with  the  same  platinum  spiral^  raised  to  a  white  heat : — 

Table  XIII. — Radiation  of  heat  through  Vapours.     Source, 
white-hot  platinum  spiral. 

o 

Bisulphide  of  carbon      .     .       3*5  2-9 1 

Bisulphide  of  carbon      .     .       3*4  2-8  J 

Chloroform 6-7  5-6 1 

Chloroform 6-7  5-G  J 

Iodide  of  methyle      .     .     .       92  7'7  \ 

Iodide  of  methyle      ...       9-4  7-9  J 

Iodide  of  ethyle    ....     15-4  13-0  ] 

Iodide  of  ethyle   ....     15-0  12-6  J 

Benzole 19-3  16-6  ■» 

Benzole 190  16-4  J 

Total  heat 59-2  lOO'O 

Amylene 27*6  22-6  "1 

Amylene 27*7  22-7  J 

Formic  ether 30-5  25-0 

Formic  ether 30-7  25-2 

Sulphuric  ether    ....     31-4  25-71 

Sulphuric  ether    ....     317  26-0  J 

Acetic  ether 33-0  27-0 1 

Acetic  ether 33-2  27-3-J 

Total  heat 60-0  1000 
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With  the  same  spiral,  brought  still  nearer  to  its  point  of 
fusion,  the  following  results  were  obtained  with  four  of  the 
vapours : — 

Table  XIV. — Radiation  through  Vapours.     Source,  platinum 
spiral  at  an  intense  white  heat. 

Name  of  vapour.  Deflection.  Absorption, 

o 

Bisulphide  of  carbon       .     .  14-5  2*5 1 

Bisulphide  of  carbon       .     .  14*5  2*5  J 

Chloroform 230  3-91 

Chloroform  • 23*0  3-9  J 

Formic  ether 60-4  21-31 

Formic  ether 60-5  21-3  J 

Sulphuric  ether    ....  02-3  23-6  ] 

Sulphuric  ether    ....  62-5  23-8  J 

Total  heat 827  '  1000 

In  the  experiments  recorded  in  the  foregoing  Table,  a  total 
heat  of  82°*7,  or  588  units,  was  employed;  and  to  test  whether 
the  absorption  calculated  from  this  high  total  agreed  with  the 
absorptions  calculated  from  a  low  total,  a  portion  of  the  current 
was  diverted,  the  branch  passing  through  the  galvanometer  pro- 
ducing a  deflection  of  49°*4.  This  corresponds  to  77  units. 
The  source,  it  will  be  observed,  is  here  quite  unchanged ;  the 
rays  are  of  the  same  quality,  and  pass  through  the  tube  in  the 
same  quantity  as  before ;  but  in  the  one  case  the  absorption  is 
calculated  from  the  deflection  among  the  high  degrees,  and  in 
the  other  case  it  is  calculated  from  deflections  among  the  low 
degrees  of  the  galvanometer. 

The  experiments  were  limited  to  formic  and  sulphuric  ether, 
with  the  following  results : — 

Deflection.  Absorption.  Absorption  from 

o                        '  Table  XIV. 

Formic  ether      .     .17-7             23  21-3 

Sulphuric  ether .     .    19-1              24-8  23-7 

The  agreement  is  such  as  to  prove  that  no  material  error  can 
have  crept  into  the  calibration. 

Placing  the  results  obtained  with  the  respective  sources  side 
by  side,  the  influence  of  temperature  on  the  transmission  comes 
out  in  a  very  decided  manner. 


Prof.  Tyndall^s  Contributions  to  Molecular  Physics.       511 

Table  XV. — Absorption  of  heat  by  Vapours.     Tension  0-5 
of  an  inch. 

Source,  platinum  spiral. 

, ,\ . 


9-1  6-3  5-6  3-9 

12-5  9-6  7-8 


Name  of  vapour.  barely       Bright         White  Near 

visible.  red.  hot.  fusion. 

Bisulphide  of  carbon     .       6-5  4-7  2-9  2'5 

Chloroform 

Iodide  of  methyle     . 

Iodide  of  ethyle  .     .     .     21-0         17-7         12-8 

Benzole 26'3         20-6         16-5 

Amylene 35-8         27-5         22-7 

Sulphuric  ether  .  .  .  43*4  31-4  25-9  23-7 
Formic  ether  .  .  .  45-2  31-9  25-1  21*3 
Acetic  ether  ....  49-6  34-6  .  27*2 
The  gradual  augmentation  of  penetrative  power  as  the  tem- 
perature is  augmented  is  here  very  manifest.  By  raising  the 
spiral  from  a  barely  visible  heat  to  an  intense  white  heat,  we 
reduce  the  absorption,  in  the  cases  of  bisulphide  of  carbon  and 
chloroform,  to  less  than  one-half.  At  barely  visible  redness, 
moreover,  56*6  and  54*8  per  100  get  through  sulphuric  and 
formic  ether  respectively ;  while,  of  the  intensely  white-hot  spiral, 
76*3  and  78*7  per  100  pass  through  the  same  vapours.  By 
augmenting  the  temperature  of  solid  platinum,  we  introduce  into 
the  radiation  waves  of  shorter  period,  which,  being  in  discord 
with  the  periods  of  the  vapours,  get  more  easily  through  them. 
What  becomes  of  the  more  slowly  recurrent  vibrations  as  the 
more  rapid  ones  are  introduced  ?  Do  the  latter  take  the  place  of 
the  former  ?  This  question  is  answered  by  experiments  made 
with  an  opake  solution  of  iodine,  and  with  lampblack.  As  the 
temperature  of  the  platinum  spiral  increases  from  a  dark  heat  to 
the  most  intense  white  heat,  the  absolute  quantity  transmitted 
through  both  these  bodies  steadily  augments.  But  this  heat  is 
wholly  obscure,  for  both  the  solution  and  the  lampblack  intercept 
all  the  luminous  heat.  Hence  the  conclusion  that  the  augmen- 
tation of  temperature  which  introduces  the  shorter  waves  aug- 
ments at  the  same  time  the  amplitude  of  the  longer  ones,  and 
hence  also  the  inference  that  a  body  like  the  sun  must  of  neces- 
sity include  in  its  radiation  waves  of  the  same  period  as  those 
emitted  by  obscure  bodies. 

•^  VIII.  Changes  of  the  position  of  diathermic  bodies  through 
changes  of  temperature  of  the  same  source. — Radiation  from 
lampblack  compared  with  that  from  platinum  at  the  same  tem- 
perature. 

Running  the  eye  along  the  .numbers  which  express  the  absorp- 
tions of  sulphm-ic  and  formic  ether  in  Table  XV.,  we  find  that,  for 
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the  lowest  heat,  the  absorption  of  the  latter  exceeds  that  of  tlic 
former;  for  a  bright  red  heat  they  are  nearly  equal,  but  the 
formic  still  retains  a  slight  predominance;  at  a  white  heat,  how- 
ever, the  sulphuric  sli])s  in  advance,  and  at  the  heat  near  fusion 
its  predoniinance  is  decided.  I  have  tested  this  result  in  various 
ways,  and  by  multiplied  experiments,  and  placed  it  beyond  doubt. 
We  may  at  once  infer  from  it  that  the  capacity  of  the  molecule 
of  formic  ether  to  enter  into  rapid  vibration  is  less  than  that  of 
sulphuric.  By  augmenting  the  temperature  of  the  spiral  we 
produce  vibrations  of  quicker  periods,  and  the  more  of  these  that 
are  introduced,  the  more  transparent,  in  comparison  with  sul- 
phuric ether,  does  formic  ether  become.  Thus  what  I  have  called 
its  com])lexity  tells  upon  the  vibrating  periods  of  the  formic 
ether;  the  atom  of  oxygen  which  it  possesses  in  excess  of  sul- 
phui-ic  ether  renders  it  more  sluggish  as  a  vibrator.  Experi- 
ments made  with  a  source  of  212"  Fahr.  establish  more  deci- 
dedly the  preponderance  of  the  formic  ether  for  vibrations  of  slow 
period. 

Table  XVI. — Radiation  through  Vapours.     Source,  Leslie's 
cube,  coated  with  lampblack.     Temperature,  212°  Fahr. 
Name  of  vapour.  Absorption. 

Bisulphide  of  carbon     .     .     .        6'4 
Iodide  of  methyle    .     .     .«.      18*4 

Chloroform 19-5 

Sulphuric  ether 54'8 

Formic  ether C0"9 

For  heat  issuing  from  this  source,  the  absorption  by  formic  ether 
is  6-1  ])er  cent,  in  excess  of  that  by  sulphuric. 
"^  Deeming  the  result  worthy  of  rigid  confirmation,  I  repeated 
the  experiments,  and  obtained  the  following  deflections : — 

Table  XVII. 
Name  of  vapoiu*.  Deflections. 

o 

Bisulphide  of  carbon     .     .       9*3 

Iodide  of  methyle     .     .     .  25*0 

Chloroform 26*5 

Iodide  of  ethyle  ....  34-0 

Benzole 35  "5 

Amylene 46'8 

Sulphuric  ether  ....  47*3^ 

Sulphuric  ether  ....  47*7  J 

Formic  ether       ....  49'7  \ 

Formic  ether       ....  49-9J 

Acetic  ether 51 '4 
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When  the  abso'-ptions  were  calculated  from  these  deflections, 
the  absorption  of  formic  ether  was  found  to  be  6*3  per  cent,  in 
advance  of  that  of  sulphuric. 

But  in  both  Tables  XVI.  and  XVII.  we  notice  another  case  of 
reversal.  In  all  the  ex])eriments  with  the  platinum  spiral 
recorded  in  Table  XV.,  chloroform  showed  itself  less  energetic 
as  an  absorber  than  iodide  of  methyle ;  but  in  Tables  XVI.  and 
XVII.  chloroform  shows  itself  to  be  decidedly  the  more  powerful 
of  the  two.  Cases  of  this  kind  have,  in  my  estimation,  a  pecu- 
liar significance,  and  I  therefore  take  care  to  verify  them.  The 
experiments  with  all  the  vapours  were  therefore  repeated,  with 
the  following  results  : — 

Table  XVIII. — Radiation  through  Vapours.     Source,  Leslie's 
cube  at  212'  Fahr. 

N  1.11 ;  of  vMiuiii'.         Djfl     ection.  Absorption. 

o 

Bisulphide  of  carbon  .  15*0  6"6 

Iodide  of  methyle  .     .  38-3  18-8 

Chloroform  ....  40-7  21-6 

Iodide  of  ethylc      .     .  46-2  29-0 

Benzole 500  34-5 

Amylene 57-8  47-1 

Sulphuric  ether      .     .  60-3  54-1 

Formic  ether     .     .     .  62-1  60-4 

Acetic  ether      .     .     .  64-3  69-9 

Total  heat    ....  71-4  100-0 

The  absorption  by  formic  ether  is  here  also  6*3  per  cent,  in  excess 
of  that  effected  by  sulphuric  ether;  while,  as  in  the  last  two 
Tables,  chloroform  excels  iodide  of  methyle. 

Preserving  the  quality  of  the  heat  unchanged,  but  reducing 
its  quantity  from  71°"4=227  units  to  52°'3  =  86'5  units,  the 
following  results  were  obtained  : — 


Table  XIX. 

Name  of  vapour. 

Deflection. 

Absorpt 

Iodide  of  methyle 

.     16-5 

18-3 

Chloroform  .     . 

.     18-5 

20-6 

Iodide  of  ethyle 

.     24-4 

27-1 

Benzole   .     .     . 

.     300 

33-3 

Amylene       .     . 

.     38-6 

48-6 

Sulphuric  ether 

.     40-3 

53-2 

Formic  ether     . 

.     42-8 

60-0 
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Placing  the  figures  of  Tables  XVI.,  XVIII.,  and  XIX.  side 
by  side,  we  have  an  opportunity  of  seeing  how  results  obtained 
on  different  days  check  each  other. 

Table  XX. — Source,  blackened  cube  of  boiling  water. 


Absorptions  from 


Name  of  vapour. 
Bisulphide  of  carbon 
Iodide  of  methyle     . 
Chloroform 
Iodide  of  ethyle  . 
Benzole      .... 
Amylene    .... 
Sulphuric  ether  . 
Formic  ether  . 
Acetic  ether  . 


Table  XVI. 
.       G-4 
.     18-4 
.    19-5 


5J.-8 
60-9 


Table  XVIII. 
6-6 
18-8 
21-6 
290 
34-5 
47-1 
54-1 
60-4 
69-9 


Table  XIX. 

18-3 
20-6 
27-1 
33-3 
48-G 
53-2 
600 


Were  it  essential  to  my  purpose,  I  should  certainly  be  able  to 
make  even  the  small  differences  which  here  show  themselves  to 
disappear.  But  the  agreement  is  such  as  to  place  the  reliability 
of  the  experiments  beyond  doubt.  It  will  be  seen  that,  contrary 
to  the  results  obtained  ivith  a  whitc-Jiot,  spiral,  in  all  three  cases, 
where  a  blackened  cube  of  boiling  tvater  was  the  source,  chloroform 
exceeds  iodide  oj  methyle,  and  formic  ether  exceeds  sulphuric  in 
absorbent  power.  To  confirm  the  demonstration,  I  once  more 
resorted  to  the  white-hot  spiral,  and  obtained  the  following 
results : — 


Table  XXI. — Radiation  throug 

h  Vapours. 

Source,  w 

platinum  spiral. 

Name  of  vapom-. 

Deflection. 

Absorption 

Chloroform  .     .     . 

o 

9-8 

4-5 

Chloroform  . 

95 

4-5 

Iodide  of  methyle  . 

16-0 

7-3 

Iodide  of  methyle  . 

15-8 

7-3 

Pormic  ether     .     . 

421 

24-2 

Formic  ether     . 

42-3 

24-5 

Sulphuric  ether 

43-6 

26-3 

Sulphuric  ether 

43-5 

26-2 

Total  heat    .     .     . 

70-9 

100-0 

Here  chloroform  retreats  once  more  behind  iodide  of  methyle, 
and  formic  ether  behind  sulphuric. 

The  positions  of  sulphuric  and  formic  ether  are  reversed  within 
the  range  of  the  experiments  made  with  the  platinum  spiral,  but 
this  is  not  the  case  with  the  chloroform  and  the  iodide  of  methyle. 
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Even  when  the  spiral  was  at  a  barely  visible  heat,  the  iodide  was 
decidedly  the  most  opake  of  the  two ;  the  same  result  was  obtained 
with  a  spiral  heated  below  redness,  as  proved  by  the  following 
figures : — 


Name  of  vapour. 

Deflection. 

Absorption. 

Chloroform      .     . 

o 

8-5 

12-14 

Chloroform      .     . 

8-5 

12-14 

Iodide  of  methyle 

.     100 

14-28 

Iodide  of  methyle 

10-0 

14-28 

Total  heat  .     .     . 

47-3 

100-0 

Here  the  iodide  is  still  predominant.  Is  it,  then,  a  question 
of  temperature  merely  ?  or  is  there  a  special  flux  emitted  by  the 
lampblack,  to  which  chloroform  is  particularly  opake  ?  In  other 
words,  is  there  a  special  accord  between  the  rates  of  vibration  of 
lampblack  and  chloroform  ?  To  answer  this  question  I  operated 
thus : — The  platinum  spiral  was  heated  by  only  two  cells,  and 
the  strength  of  this  current  was  lowered  by  the  introduction  of 
resistance.  When  decidedly  below  a  red  heat,  the  spiral  was 
plunged  into  boiling  water.  Bubbles  of  steam  issued  from  it, 
proving  that  its  temperature  was  above  212°  Fahr.  By  augment- 
ing the  resistance  its  heat  was  lowered,  until  it  was  no  longer 
competent  to  produce  the  least  ebullition.  It  was  then  with- 
drawn from  the  water,  and  employed  as  a  source :  the  following 
are  the  results  : — 

Table  XXII. — Source,  platinum  spiral  at  100°  C. 

Name  of  vapour.  Deflection.  Absorption. 

o 

Bisulphide  of  carbon 
Chloroform      .... 
Iodide  of  methyle 

No  reversal  was  here  obtained.  The  temperature  was  then 
reduced  so  that  the  total  heat  fell  from  81  units  to  59  units ;  but 
not  even  in  this  case  (when  the  temperature  was  considerably 
below  that  of  boiling  water)  could  the  reversal  be  obtained.  The 
absorptions  approach  each  other,  but  the  iodide  has  still -the  ad- 
vantage of  the  chloroform. 

Table  XXIII. — Source,  platinum  spiral,  heated  under  100°  C. 

Name  of  vapour.  Deflection.  Absorption. 

o 
Bisulphide  of  carbon      .     .       5*2  9-2 

Chloroform 10-0  17-3 

Iodide  of  methyle     .     .     .     10-8  18-2 

It  is  not,  therefore,  temperature  alone  which  determines  the  in- 


5-7 

7-03 

14-0 

16-8 

15-3 

180 
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version  :  the  experiments  prove  that  there  is  a  greater  synchro- 
nism between  the  vibrating  periods  of  chloroform  and  lampblack 
than  between  those  of  chloroform  and  platinum  raised  to  the 
temperature  of  thclamjjblack.  It  will  be  seen,  however,  that  as 
the  temperature  of  the  platinum  falls,  the  opacity  of  the  chloro- 
form increases  more  quickly  than  that  of  the  iodide :  with  an 
intensely  white-hot  spiral,  as  shown  in  Table  XXL,  the  absorp- 
tion of  chloroform  is  to  that  of  the  iodide  as  100  :  102,  while, 
with  the  spiral  heated  to  a  temperature  of  212'^  Eahr.,  the  ratio 
of  the  absorptions  is  as  100  :  105, 

§  IX.  Radiation  from  gas-flames  through  vapours. — Beversals  of 

position. 

"VVe  have  hitherto  occupied  ourselves  with  the  radiation  from 
heated  solids :  I  will  now  pass  on  to  the  examination  of  the 
radiation  from  Hamcs.  The  tirst  experiments  were  made  with  a 
steady  jet  of  gas  issuing  from  a  small  circular  burner,  the  flame 
being  long  and  tapering.  The  top  and  bottom  of  the  flame  were 
excluded,  and  its  most  brilliant  portion  was  chosen  as  the  source. 
The  following  results  were  obtained  : — 

Table  XXIV. — Radiation  of  heat  through  Vapours.     Source,  a 
highly  luminous  jet  of  gas. 

Name  of  vapour.                     Deflection.  Absorption.     "  I'ite-hot 

o  spiral. 

Bisulphide  of  carbon       .     .       89  9-8  2-9 

Chloroform 10-9  120  5-6 

Iodide  of  methyle      .     .     .     15*4  16*5  7-8 

Iodide  of  ethyle    ....     177  19-5  12-8 

Benzoic 20-0  22'0  16-5 

Amylene 27-5  30-2  227 

Formic  ether 31-5  3i-6  25-1 

Sulphuric  ether     ....     32-5  357  25-9 

Acetic  ether 34-2  387  27-2 

Total  heat 53-8  "      lOO'O 

It  is  interesting  to  compare  the  heat  emitted  by  the  white-hot 
carbon  with  that  emitted  by  the  white-hot  platinum ;  and  to 
facilitate  the  comparison,  I  have  placed  beside  the  results  in  the 
last  Table  those  recorded  in  Table  XIII.  The  emission  from 
the  flame  is  thus  proved  to  be  far  more  powerfully  absorbed  than 
the  emission  from  the  spiral.  Doubtless,  however,  the  carbon, 
in  reaching  incandescence,  passes  through  lower  stages  of  tem- 
perature, and  in  those  stages  emits  heat  more  in  accord  with  the 
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vapours.  It  is  also  mixed  with  the  vapour  of  water  and  carbonic 
acid,  both  of  which  contribute  their  quota  to  the  total  radiation. 
It  is  therefore  probable  that  the  greater  accord  between  the 
periods  of  the  flame  and  those  of  the  vapours  is  due  to  the  slower 
periods  of  the  substances  which  are  unavoidably  mixed  with  the 
body  to  which  the  flame  mainly  owes  its  light. 

The  next  source  of  heat  employed  was  the  flame  of  a  Bunsen^s 
burner,  the  temperature  of  which  is  known  to  be  very  high. 
The  flame  was  of  a  palc-bluc  colour,  and  emitted  a  very  feeble 
light.     The  following  results  were  obtained  : — 

Table  XXV. — Radiation  of  heat  through  Vapours.     Source, 
pale-blue  flame  of  Bunsen's  burner. 


Name  of  va])our. 

Deflection. 

Absoii)tion. 

From  Tiible  XXIV. 

o 

Luminous  jet  of  gas, 

Chloroform    .     .     . 

5-0 

6-2 

120 

Bisulphide  of  carbon 

90 

11-1 

9-8 

Iodide  of  ethylc 

11-3 

140 

19-5 

Benzole    .     .     .     . 

14-5 

17-9 

22-0 

Amylene  .... 

19G 

24-2 

30-2 

Sulphuric  ether  .     . 

25-8 

31-9 

35-7 

Formic  ether      .     . 

27-0 

33-3 

34-6 

Acetic  ether        .     . 

29-4 

36-3 

38-7 

Total  heat     .     .     . 

50-G 

1000 

1000 

The  total  heat  radiated  from  the  flame  of  Bunsen's  burner  is 
greatly  less  than  that  radiated  when  the  incandescent  carbon  is 
present  in  the  flame.  The  moment  the  air  is  permitted  to  mix  with 
the  luminous  flame,  the  radiation  falls  so  considerably  that  the 
diminution  is  at  once  detected^  even  by  the  hand  or  face  brought 
near  the  flame.  Comparing  Tables  XXIV.  and  XXV.,  we  see 
that  the  radiation  from  the  Bunsen's  burner  is,  on  the  whole, 
less  powerfully  absorbed  than  that  from  the  luminous  gas  jet. 
In  some  cases,  as  in  that  of  formic  ether,  they  come  very  close 
to  each  other ;  in  the  case  of  amylene  and  a  ievf  other  substances 
they  differ  more  markedly.  But  an  extremely  interesting  case 
of  reversal  here  shows  itself.  Bisulphide  of  carbon,  instead  of 
being  first,  stands  decidedly  below  chloroform.  With  the  lumi- 
nous jet,  the  absorption  of  bisulphide  of  carbon  is  to  that  of 
chloroform  as  100  :  122,  while  with  the  flame  of  Bunsen's  burner 
the  ratio  is  100  :  56;  the  removal  of  the  carbon  from  the  flame 
more  than  doubles  the  relative  transparency  of  the  chloroform. 
The  case  is  of  too  much  interest  to  be  passed  over  without  veri- 
fication :  here  is  the  result  obtained  with  a  difi"erent  total  heat : — 
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Chloroform    . 
Chloroform     . 
Bisulphide  of  carbon 
Bisulphide  of  carbon 
Total  heat       .     .     . 


Deflection.         Absorption. 

16-5  8-4 

160  8-2 

190  9-7 

19-4  9-9 

68-4  1000 

And  again,  with  an  intermediate  total  heat, — 

Deflection.         Absorption. 

Chloroform     ....  10-2  8-4 

Chloroform     ....  10-0  8-4 

Bisulphide  of  carbon     .  12*0  9*8 

Bisulphide  of  carbon     .  11-8  9-7 

Total  heat      ....  60-0  lOO'O 

There  is  therefore  no  doubt  that,  while  in  the  case  of  a  platinum 
spiral  at  all  temperatures,  of  a  luminous  gas-flame,  and,  more 
especially,  in  the  case  of  lampblack  heated  to  212°  Fahr.  the 
absorption  of  chloroform  exceeds  that  of  bisulphide  of  carbon, 
for  the  flame  of  Bunsen^s  burner  the  bisulpl.ide  is  the  more 
])owerful  absorber  of  the  two.  The  absorptive  energy  of  the 
chloroform,  as  shown  in  Table  XX.,  is  more  than  three  times 
that  of  the  bisulphide,  while  in  Table  XXV.  the  action  of  the 
bisulphide  is  nearly  twice  that  of  the  chloroform.  We  have  here, 
moreover,  another  instance  of  the  reversal  of  formic  and  sulphuric 
ether.  For  the  luminous  jet  the  sulphuric  ether  is  decidedly  the 
more  opake;  for  the  flame  of  Bunsen^s  burner  it  is  excelled'in 
opacity  by  the  formic. 

§  X.  Radiation  from  the  flames  of  hydrogen  and  carbonic  oxide 
through  air  and  other  media. — Influence  of  period  ivith  refer- 
ence to  absorption. 

The  main  radiating  bodies  in  the  flame  of  a  Bunsen's  burner 
are,  no  doubt,  aqueous  vapour  and  carbonic  acid.  Highly 
heated  nitrogen  is  also  present,  which  may  produce  a  sensible 
efi'ect :  the  unburnt  gas,  moreover,  in  proximity  with  the  flame, 
and  warmed  by  it,  may  contribute  to  the  radiation,  even  before 
it  unites  with  the  atmospheric  oxygen.  But  the  main  source  of 
the  radiation  is,  no  doubt,  the  aqueous  vapour  and  the  carbonic 
acid.  I  wished  to  separate  these  two  constituents,  and  to  study 
them  separately.  The  radiation  of  aqueous  vapour  could  be  ob- 
tained from  a  flame  of  pure  hydrogen,  while  that  of  carbonic  acid 
could  be  obtained  from  an  ignited  jet  of  carbonic  oxide.  To  me 
the  radiation  from  the  hydrogen-flame  possessed  a  peculiar  inter- 
est ;  for,  notwithstanding  the  high  temperature  of  such  a  flame, 
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I  thought  it  likely  that  the  accord  between  its  periods  of  vibra- 
tion and  those  of  the  cool  aqueous  vapour  of  the  atmos|)here 
would  still  be  such  as  to  cause  the  atmospheric  vapour  to  exert 
a  special  absorbent  power  upon  the  radiation.  The  following 
experiments  test  this  surmise  : — 

Table  XXVI. — Radiation  through  Atmospheric  Air.      Source, 
a  hydrogen-flame. 

Deflection.  Absorption. 

Dry  air     ....       6  0 

Undried  air  .     .     .     21-5  17-20 

Total  heat     .     .     .     604  100-0 

Thus,  in  a  polished  tube  4  feet  long,  the  aqueous  vapour  of  our 
laboratory  air  absorbed  17  per  cent,  of  the  radiation  from  the 
hydrogen-flame.  A  platinum  spiral,  raised  by  electricity  to  a 
degree  of  incandescence  not  greater  than  that  obtainable  by 
plunging  a  wire  into  the  hydrogen-flame,  was  used  as  a  source  of 
heat;  of  its  radiation,  the  undried  air  of  the  laboratory  absorbed 

5-8  per  cent., 

or  one-third  of  the  quantity  absorbed  when  the  flame  of  hydrogen 
was  employed. 

The  plunging  of  a  spiral  of  platinum  wire  into  the  flame 
reduces  its  temperature ;  but  it  at  the  same  time  introduces 
vibrations  which  are  not  in  accord  with  those  of  aqueous  vapour  : 
the  absorption  by  ordinary  undried  air  of  heat  emitted  by  this 
composite  source  amounted  to 

8-6  per  cent. 

On  humid  days  the  absorption  of  the  rays  emitted  by  a  hy- 
drogen-flame exceeds  even  the  above  large  figure.  Emj)loying 
the  same  experimental  tube  and  a  new  burner,  the  experiments 
were  repeated  some  days  subsequently,  with  the  following 
result : — 

Table  XXVII. — Radiation  through  Air.     Source,  hydrogen- 
flame. 

Absorption. 

Dry  air 0 

Undried  air  ....     20*3 

The  undried  air  here  made  iise  of  embraced  the  carbonic  acid 
of  the  atmosphere;  after  the  foregoing  experiments,  the  air  was 
conducted  through  a  tube  containing  a  solution  of  caustic  pot- 
ash, in  which  the  carbonic  acid  was  intercepted,  while  the  air 
charged  itself  with  a  little  additional  moisture.     The  absorption 
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then  observed  amounted  to 

20*3  per  cent, 
of  the  entire  radiation.     The  exact  agreement  of  this  with  the 
last  I'esult  is,  of  course,  an  accident ;  the  additional  humidity  of 
the  air  derived  from  the  solution  of  potash  haj)pened  to  compen- 
sate for  the  action  of  the  carbonic  acid  withdrawn. 

The  other  component  of  the  flame  of  Bunsen's  burner  is  car- 
bonic acid;  and  the  radiation  of  this  substance  is  immediately 
obtained  from  a  flame  of  carbonic  oxide.  With  the  air  of  the 
laboratory  the  following  results  were  obtained : — 

Taule  XXVIII. — lladiation  through  Atmospheric  Air.    Source, 
carbonic-oxide  flame  (very  small). 

Deflection.        Absorption. 

Dry  air 0  0 

Undriedair.     .     .     .     10-0  16-1 

Of  the  heat  emitted  by  carbonic  acid)  IG  per  cent,  was  absorbed 
by  the  common  air  of  the  laboratory.  After  the  air  had  been 
passed  through  sulphuric  acid,  the  aqueous  vapour  being  thus 
removed  while  the  carbonic  acid  remained,  the  absorption  was 
13*8  per  cent. 

An  india-rubber  bag  was  filled  from  the  lungs ;  it  contained 
therefore  both  the  aqueous  vapour  and  the  carbonic  acid  of  the 
breath.  The  air  from  the  bag  was  conducted  through  a  drying 
apparatus,  the  mixed  air  and  carbonic  acid  being  permitted  to  enter 
the  experimental  tube.     The  following  results  were  obtained : — 

Table  XXIX. — Air  from  the  lungs  containing  CO^.     Source, 
carbonic-oxide  flame. 

Absorption. 

120 
25-0 
33-3 
500 

Thus  the  tube  filled  with  dry  air  from  the  lungs  intercepted 
50  per  cent,  of  the  entire  radiation  from  a  carbonic-oxide  flame. 
It  is  quite  manifest  that  we  have  here  a  means  of  testing  with  sur- 
passing delicacy  the  amount  of  carbonic  acid  emitted  under 
various  circumstances  by  the  act  of  expiration  *. 

That  pure  carbonic  acid  is  highly  opake  to  the  radiation  from 
the  carbonic-oxide  flame,  is  forcibly  evidenced  by  the  results 
recorded  in  the  following  Table. 

*  [See  article  by  W.  F.  Barrett  "  On  a  Physical  Analysis  of  the  Human 
Breath,"  at  p.  108  of  the  present  volume. — Ed. J 


Tension  in  inches. 

Deflection. 

1 

o 

7-2 

3 

15-0 

5 

20-0 

30 

30-8 
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Table  XXX. — Radiation  tlirougli  dry  Carbonic  Acid. 
Source,  carbonic-oxide  flame. 

Absorption. 

530 
Gl-7 
6G-9 
70-0 
72-3 
78-7 

About  four  months  subsequent  to  the  performance  of  these 
experiments  they  were  repeated,  using  as  a  source  a  much  smaller 
flame  of  carbonic  oxide.  The  absorptions  were  found  somewhat 
less,  but  still  very  high.     They  follow  in  the  next  Table. 

Table  XXXI. — Radiation  through  dry  Carbonic  Acid.    Source, 
small  carbonic-oxide  flame. 


Tension  in  inches. 

Deflection 

10 

o 

33-7 

20 

37-0 

30 

38-G 

4-0 

39-4 

5-0 

40-0 

10-0 

41-4 

Tension  in  inches. 

Deflection, 

Absorption 

1-0 

o 

17-3 

480 

20 

200 

55*5 

30 

21-7 

60-3 

40 

22-8 

65-1 

50 

24-0 

68-6 

100 

26-0 

74-3 

For  the  rays  emanating  from  the  heated  solids  employed  in 
all  my  former  researches,  carbonic  acid  proved  to  be  one  of  the 
most  feeble  absorbers ;  but  here,  when  the  waves  sent  into  it 
emanate  from  molecules  of  its  own  substance,  its  absorbent 
energy  is  enormous.  The  thirtieth  of  an  atmosphere  of  the  gas 
cuts  off"  half  the  entire  radiation ;  while  at  a  tension  of  4  inches, 
nearly  70  per  cent,  of  the  whole  radiation  is  intercepted. 

The  energy  of  defiant  gas,  both  as  an  absorbent  and  a  radiant, 
is  well  known  ;  for  the  solid  sources  of  heat  just  referred  to,  its 
power  is  incomparably  greater  than  that  of  carbonic  acid ;  but, 
for  the  radiation  from  the  carbonic-oxide  flame,  the  power  of 
olefiant  gas  is  feeble  when  compared  with  that  of  carbonic  acid. 
This  is  proved  by  the  experiments  recorded  in  the  following 
Table. 

Table  XXXII. — Radiation  through  dry  Olefiant  Gas.     Source, 
carbonic-oxide  flame. 
Tension  in  inches.      Deflection.  Absorption. 

1  17-0  24-2 

2  260  37-1 
4  33-0  49-1 
Total  heat  .  47-3  lOO'O 
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Four  months  subsequent  to  the  performance  of  the  above  ex- 
periments, a  second  series  were  made  with  olefiant  gas,  and  the 
following  results  obtained  : — 

Table  XXXIII. — Radiation  through  dry  Olefiant  Gas.   Source, 
small  carbonic-oxide  flame. 


ion  in  inches. 

Deflection. 

Absorption. 

From  Table  XXXI, 

10 

o 

11-4 

23-2 

48-0 

2-0 

170 

34-7 

55-5 

30 

21-6 

44-0 

60-3 

4-0 

24-8 

50-6 

65-1 

5  0 

27-0 

551 

68-6 

100 

32-1 

65-5 

74-3 

Beside  the  absorption  by  olefiant  gas,  I  have  placed  that  by 
carbonic  acid  derived  from  Table  XXXI.  The  superior  power 
of  the  acid  is  most  decided  in  the  smaller  tensions ;  at  a  tension 
of  an  inch  it  is  twice  that  of  the  olefiant  gas.  The  substances 
approach  each  other  more  closely  as  the  quantity  of  gas  aug- 
ments. Here,  in  fact,  both  of  them  approach  perfect  opacity ; 
and  as  they  draw  near  to  this  common  limit,  their  absorptions, 
as  a  matter  of  course,  approximate. 

The  temperature  of  a  hydrogen-flame,  as  calculated  by  Bun- 
sen,  is  3259°  C,  while  that  of  a  carbonic-oxide  flame  is  3042°  C. 
The  foregoing  experiments  demonstrate  that  accord  subsists 
between  the  oscillating  periods  of  these  sources  and  the  periods 
of  aqueous  vapour  and  carbonic  acid  at  a  temperature  of  15°  C. 
The  heat  of  the  flame  goes  to  augnrent  the  amplitude,  and  not 
to  quicken  the  vibration. 

Sent  through  carbonic  oxide,  the  radiation  from  the  carbonic- 
oxide  flame  gave  the  following  absorptions : — 

Table  XXXIV. — Radiation  through  Carbonic  Oxide.    Source, 
carbonic-oxide  flame. 


Tension  in 

inches. 

Deflection. 

Absorption, 

1 

18-0 

29-0 

2 

27-0 

43-5 

4 

34-0 

56-4 

10 

37-3 

65-5 

The  absorptive  energy  is  here  high — greater,  indeed,  than 
that  of  olefiant  gas ;  it  falls  considerably  short,  however,  of  that 
exhibited  by  carbonic  acid.  This  result  shows  us  that  the  main 
radiant  in  the  flame  is  its  jwoduct  of  combustion,  and  not  the 
carbonic  oxide  heated  prior  to  combustion. 
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Wishing  to  examine  the  radiation  from  a  flame  whose  product 
of  combustion  is  sulphurous  acid,  through  sulphurous  acid,  I 
resorted  to  the  flame  of  bisulphide  of  carbon.  Here,  however, 
we  had  carbonic  acid  mixed  with  the  sulphurous  acid  of  the  flame. 
Of  the  heat  radiated  by  this  composite  source,  the  absorption 
by  an  atmosphere  of  sulphurous  acid  amounted  to 
60  per  cent. 

The  gas  was  sent  from  its  generating  retort  through  drying- 
tubes  of  sulphuric  acid  into  a  glass  experimental  tube  2*8  feet 
long.  The  comparative  shortness  of  the  tube,  and  the  mixed 
character  of  the  radiation,  rendered  the  absorption  less  than  it 
would  have  been  had  a  source  of  pure  sulphurous  acid  and  a  tube 
as  long  as  that  used  in  the  other  experiments  been  employed. 

I  subsequently  caused  the  radiation  from  the  carbonic-oxide 
flame  to  pass  through  a  few  of  our  vapours,  with  the  following 
results : — 

Table  XXXV. — Radiation  through  Vapours  (tension  0*5  inch). 
Source,  carbonic-oxide  flame. 


Name  of  vapour. 

Deflection. 

Absorption 

Bisulphide  of  carbon 

o 

5-5 

9-8 

Chloroform     .     .     . 

6-0 

10-7 

Formic  ether .     .     . 

14-5 

25-8 

Sulphuric  ether  . 

180 

32-1 

Total  heat      .     .     . 

43-0 

100-0 

The  same  vapours  were  employed  to  test  the  radiation  from 
the  hydrogen-flame,  with  the  following  results  : — 

Table  XXXVI. — Radiation  through  Vapours  (tension  0*5  inch). 
Source,  hydrogen-flame. 


Name  of  vapom-. 

Deflection. 

Absorpti 

Bisulphide  of  carbon 

0 

8-8 

11-9 

Chloroform     .     .     . 

9-9 

13-4 

Sulphuric  ether  . 

32-0 

42-2 

Formic  ether       .     . 

35-0 

49-3 

Total  heat      .     .     . 

48-5 

1000 

We  here  find  that,  in  the  case  of  every  one  of  the  four  vapours, 
the  synchronism  with  hot  aqueous  vapour  is  greater  than  with 
hot  carbonic  acid.  The  temperature  of  the  hydrogen-flame  is 
higher  than  that  of  the  carbonic  oxide ;  but  the  radiation  from  the 
more  intense  source  is  most  copiously  absorbed.  It  has  been 
already  proved  that,  for  waves  of  slow  period,  formic  ether  is 
more  absorbent  than  sulphuric  ether ;  while  for  waves  of  rapid 

2M  2 
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period,  the  sulphuric  ether  is  the  more  powerful  absorber.  For 
the  radiation  from  hot  carbonic  acid,  the  absorption  of  sulphuric 
ether,  as  shown  in  Table  XXXV.,  is  between  6  and  7  per  cent, 
in  excess  of  that  of  formic  ether ;  while  for  the  radiation  from 
hot  aqueous  vapour,  the  absorption  by  formic  ether,  as  shown  in 
Table  XXXVI.,  is  7  per  cent,  in  excess  of  that  by  sulphuric. 
That  the  periods  of  aqueous  vapour,  as  compared  with  those  of 
carbonic  acid,  arc  slow,  may  therefore  be  inferred  from  these 
experiments. 

The  two  following  Tables  illustrate  the  action  of  carbonic  acid 
gas  and  olefiant  gas  respectively,  on  the  radiation  from  a  flame 
of  hydrogen : — 

Table  XXXVII. — lladiation  through  Carbonic  Acid  Gas. 
Source,  hydrogen-llame. 


Tension  in  inches. 

Deflection. 

Absorption, 

1 

o 

5-5 

7-4 

2 

9-5 

12-8 

4 

110 

14-9 

30 

190 

2.'5-7 

Total  heat 

.    48-5 

1000 

Table  XXXVIII. — lladiation  through  Olefiant  Gas.     Source, 
hydrogen-flame. 

Tension  in  inches.       Deflection.  Absorption.  From  Table  XXXVII. 

1  f2-0  16-2  7-4 

2  180  24-3  12-8 
4                     240                     32-4  14-9 

30  38-5  58-8  25-7 

Total  heat   .     48-5  100-0  1000 

A  comparison  of  the  last  two  columns,  one  of  which  is  trans- 
ferred from  Table  XXXVIL,  proves  the  absorption  of  the  rays 
from  a  hydrogen-flame  by  olefiant  gas  to  be  about  twice  that  of 
carbonic  acid ;  while,  when  the  source  was  a  carbonic-oxide  flame, 
the  absorption  by  carbonic  acid  at  small  tensions  was  more  than 
twice  that  efl^ected  by  olefiant  gas. 

§  XI.  lladiation  through  liquids. — Influence  of  period. — Conver- 
sion of  long  periods  into  short  ones. 

Water  at  moderate  thickness  is  a  very  transparent  sub- 
stance ;  that  is  to  say,  the  periods  of  its  molecules  are  in 
discord  with  those  of  the  visible  spectrum.  It  is  also  highly 
transparent  to  the  extra-violet  rays ;  so  that  we  may  safely  infer 
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from  the  deportment  of  this  substance  its  incompetence  to  enter 
into  rapid  molecular  vibration.  When,  however,  we  once  quit 
the  visible  spectrum  for  the  rays  beyond  the  red,  the  opacity  of 
the  substance  begins  to  show  itself:  for  such  rays,  indeed,  its 
absorbent  power  is  unequalled.  The  synchronism  of  the  periods 
of  the  water-molecules  with  those  of  the  extra-red  waves  is  thus 
demonstrated.  I  have  already  proved  that  undried  atmospheric 
air  manifests  an  extraordinary  opacity  for  the  radiation  from  a 
hydrogen-flame,  and  from  this  deportment  I  inferred  the  syn- 
chronism of  the  cold  vapour  of  the  air  and  the  hot  vapour  of 
the  flame.  The  vibrating-pcriod  of  a  molecule  is,  no  doubt, 
determined  by  the  elastic  forces  which  separate  it  from  other 
molecules,  and  it  is  worth  inquiring  how  these  forces  are  aff'ected 
when  a  change  so  great  as  that  of  the  passage  of  a  vapour  to  a 
liquid  occurs.  The  fact  established  in  the  earlier  sections  of  this 
paper,  that  the  order  of  absorption  for  liquids  and  their  vapours 
is  the  same,  renders  it  extremely  probable  that  the  period  of 
vibration  is  not  materially  affected  by  the  change  from  vapour  to 
liquid ;  for,  if  changed,  it  would  probably  be  changed  in  different 
degrees  for  the  different  liquids,  and  the  order  of  absorption 
would  be  thereby  disturbed*.  The  following  Table,  in  which 
the  deportment  of  our  series  of  liquids  towards  the  radiation 
from  a  hydrogen-flame  is  recorded,  will  throw  additional  light 
upon  this  question : — 

Table  XXXIX. — Radiation  through  Liquids.     Source, 
hydrogen-flame.     Thickness  of  liquid  layer  0'07  of  an  inch. 

Name  of  liquid.  Absorption.         Trausmissiou. 

Bisulphide  of  carbon    .     .  27'7  73-3 

Chloroform 49-3  507 

Iodide  of  ethyle      ...  75-6  24-4 

Benzole 82-3  17-7 

Amylene 87-9  12-1 

Sulphuric  ether ....  92-6  7-4 

Formic  ether      ....  93*5  6'5 

Acetic  ether 93-9  6-1 

Water 100-0  f  GO 

Through  a  layer  of  water  9'21  millimetres  thick,  Melloni 
found  a  transmission  of  11  per  cent,  of  the  heat  of  a  Locatelli 
lamp.  Here  we  employ  a  source  of  higher  temperature,  and  a 
layer  of  water  only  one- fifth  of  the  thickness  used  by  Melloni, 

*  The  general  agreement  in  point  of  colour  between  a  liquid  and  its 
vapour  favours  the  idea  that  the  period,  at  all  events  in  the  great  majority 
of  cases,  remains  constant  when  the  state  of  aggregation  is  changed. 
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and  still  we  find  the  whole  of  the  heat  intercepted*.  A  layer 
of  water,  0*07  of  an  inch  in  thickness,  is  sensibly  opake  to  the 
radiation  from  a  hydrogen-flame.  Hence  we  may  infer  the  coin- 
cidence in  period  between  cold  water  and  aqueous  vapour  heated 
to  a  temperature  of  3259°  C. ;  and  inasmuch  as  the  period  of 
the  water-molecules  has  been  proved  to  be  extra-red,  the  period 
of  the  vapour-molecules  in  the  hydrogen-flame  must  be  extra- 
red  also. 

Another  point  of  considerable  interest  may  here  be  adverted 
to.  Professor  Stokes  has  demonstrated  that  a  change  of  period 
is  possible  to  those  rays  which  belong  to  the  violet  and  extra- 
violet  end  of  the  spectrum,  the  change  showing  itself  by  a 
degradation  of  the  refrangibility.  That  is  to  say,  vibrations  of  a 
rapid  period  are  absorbed,  and  the  absorbing  substance  has 
become  the  source  of  vibrations  of  a  longer  period.  Efforts,  I 
believe,  have  been  made  to  obtain  an  analogous  result  at  the  red 
end  of  the  spectrum,  but  hitherto  without  result ;  and  it  has  been 
considered  improbable  that  a  change  of  period  can  occur  which 
should  raise  the  refrangibility  of  the  light  or  heat.  Such  a 
change,  I  believe,  occurs  when  we  plunge  a  platinum  wire  into  a 
hydrogen-flame.  The  platinum  is  rendered  white  by  the  colli- 
sion of  molecules  whose  periods  of  oscillation  arc  incompetent  to 
excite  vision.  There  is  in  this  common  experiment  an  actual 
breaking  up  of  the  long  periods  into  short  ones — a  true  render- 
ing of  unvisual  periods  visual.  The  change  of  refrangibility 
differs  from  that  of  Professor  Stokes,  firstly,  in  its  being  in  the 
opposite  direction — that  is,  from  low  to  high ;  and  secondly,  in 
the  circumstance  that  the  platinum  is  heated  by  the  collision  of 
the  molecules  of  aqueous  vapour,  and  before  their  heat  has 
assumed  the  radiant  form.  But  it  cannot  be  doubted  that  the 
same  effect  would  be  produced  by  radiant  heat  of  the  same  period, 
provided  the  motion  of  the  ether  could  be  raised  to  a  sufficient 
intensity.  The  effect  in  principle  is  the  same,  whether  we  con- 
sider the  platinum  wire  to  be  struck  by  a  particle  of  aqueous 
vapour  oscillating  at  a  certain  rate,  or  by  a  particle  of  ether 
oscillating  at  the  same  rate.  And  thus,  1  imagine,  by  a  chain 
of  rigid  reasoning,  we  arrive  at  the  conclusion  that  a  degree  of 
incandescence,  equal  to  that  of  the  sun  itself,  might  be  produced 
by  the  impact  of  waves,  of  themselves  incompetent  to  excite 
vision  f. 

*  From  the  opacity  of  water  to  the  radiation  from  aqueous  vapour,  we 
may  infer  the  opacity  of  aqueous  vapour  to  the  radiation  from  water,  and 
hence  conchule  that  the  very  act  of  nocturnal  refrigeration  which  causes 
the  condensation  of  water  on  the  earth's  surface  gives  to  terrestrial  radia- 
tion that  particular  character  which  renders  it  most  liable  to  be  intercej)ted 
by  the  aqueous  vapour  of  the  air. 

t  Some  time  after  this  was  written  I  learned  that  Dr.  Akin  had  previ- 
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The  change  of  quality  produced  in  the  radiation  by  the  intro- 
duction of  a  platinum  spiral  into  a  hydrogen-flame  is  illustrated 
by  a  series  of  experiments,  executed  for  me  by  my  assistant, 
Mr.  Barrett,  and  inserted  subsequently  to  the  presentation  of 
this  memoir. 


Tarle  XXXIX.  a.- 
1.  Hydrogen-flame ; 


—Radiation  through  Liquids.     Sources : 
2.  Hydrogen-flame  and  platinum  spiral. 

Transmission. 


Name  of  liquid. 
Bisulphide  of  carbon 

Thickness  of  liquid 

0-04  inch. 
Flame      Flame  and 
only.           spiral. 

.     77-7         87-2 

Thickness  of  liquid 

0-07  inch. 
Flame     Flame  and 

only.         spiral. 

70-4        86-0 

Chloroform      .     . 

.     54-0 

72-8 

50-7 

69-0 

Iodide  of  raethyle 

.     31-6 

42-4 

26-2 

36-2 

Iodide  of  ethyle   . 

.     30-3 

36-8 

24-2 

32-6 

Benzole      .     .     . 

.     24-1 

32-6 

17-9 

28-8 

Amylene     . 

.     14-9 

25-8 

12-4 

24-3 

Sulphuric  ether    . 

.     131 

22-6 

8-1 

22-0 

Acetic  ether    .     . 

.     101 

18-3 

6-6 

18-5 

Alcohol      .     .     . 

9-4 

14-7 

5-8 

12-3 

Water   .... 

.       3-2 

7-5 

20 

64 

Here  the  introduction  of  the  platinum  spiral  changed  the 
periods  of  the  flame  into  others  more  in  discord  with  the  periods 
of  the  liquid-molecules,  and  hence  the  more  copious  transmission 
when  the  spiral  was  employed.  It  will  be  seen  that  a  transmis- 
sion of  2  per  cent,  is  here  obtained  through  a  layer  of  water 
0'07  of  an  inch  in  thickness. 

Another  series  of  experiments,  also  executed  by  my  assistant, 
gave  the  following  results  of  the  radiation  of  a  hydrogen-flame 
through  layers  of  water  of  five  different  thicknesses  : — 


Radiation  throuti-li  Water. 


Source,  hydrogen-flame. 
Thickness  of  liquid. 


002 
inch. 
5-8 


0-04 
inch. 
2-8 


0-07 
inch. 
1-1 


0-14  0-27 
inch.  inch. 
0-5        0-0 


Transmission  per  100 
Wishing  to  compare  the  radiation  from  a  flame  of  ordinary 


ously  inferred,  from  the  paucity  of  luminous  and  extra-violet  rays  in  the 
hydrogen-flame,  that  its  periods  must  be  extra-red.  And  he  deduced  from 
this  that  the  heating  of  a  platinum  wire  in  a  hydrogen-flame  must  consist 
of  a  change  of  period.  A  very  interesting  communication  from  Dr.  Akin 
on  this  and  kindred  subjects  will  be  found  in  the  '  Reader '  for  the  26th 
of  September  1863. — April  5th,  1864. 


528       Prof.  TyndalPs  Contributions  to  Moleaihr  Physics. 

coal-gas  with  that  of  our  hydrogen-flame,  I  reduced  the  former 
to  the  dimensions  of  the  latter.  The  ilamc  thus  diminished  had 
a  blue  base  and  bright  top,  and  the  whole  of  it  was  permitted  to 
radiate  through  our  scries  of  liquids.  The  following  results 
were  obtained : — 

Table  XL. — Radiation  through  Liquids.     Source,  small  gas- 
flame.     Thickness  of  liquid  layer  0*07  of  an  inch. 

Name  of  liquid.  Deflection.     Absorption.  ■'^''''^™,,_- 

o  Table  XXXIX. 

Chloroform  ....  287  39-8  49-3 

Bisulphide  of  carbon    .  36-0  53-2  27-7 

Iodide  of  ethyle       .     .  41-7  72*3  756 

Benzole 43-4  79*4  82-3 

Aniylcne 45-0  86-1  87'9 

Sulphuric  ether       .     .  4G-G  93-3  92-6 

Formic  ether      .     .     .  46-6  93-3  93*5 

Alcohol 4G-8        .     94-1 

Acetic  ether  ....  4G-9  91-4  93-9 

Water 47-4  97-1  100-0 

Total  heat     ....  48-0  100-0 

I  have  ])laccd  the  results  obtained  with  the  hydrogen-flame  in 
the  third  column  of  figures.  For  some  of  the  liquids  it  will  be 
observed  that  the  absorption  of  the  heat  issuing  from  the  small 
gas-flame  is  nearly  the  same  as  that  of  the  heat  issuing  from  the 
flame  of  hydiogen.  A  vei-y  remarkable  difference,  however, 
shows  itself  in  the  deportment  of  bisulphide  of  carbon  as  com- 
pared with  that  of  chloroform.  For  the  small  gas-flame  chloro- 
form is  the  most  transparent  body  in  the  list ;  it  is  markedly 
more  transparent  than  the  bisulphide  of  carbon,  while  for  the 
hydrogen-flame  the  bisulphide  greatly  excels  the  chloroform  in 
transparency.  The  large  luminous  gas-flame  previously  experi- 
mented with  differs  also  from  the  small  one  here  employed. 
With  the  large  flame,  the  absorption  by  the  bisulphide  is  to  that 
by  the  chloroform  as 

100  :  121, 

while  with  the  small  flame  the  absorptions  of  the  same  two  sub- 
stances stand  to  each  other  in  the  ratio  of 

100:76. 

Numerous  experiments  were  subsequently  made,  with  a  view  of 
testing  this  result,  but  in  all  cases  the  bisulphide  was  found 
more  opake  than  the  chloroform  to  the  radiation  of  the  small 
gas-flame.  The  same  result  was  obtained  when  a  very  small  oil- 
flame  was  employed ;  and  it  came  out  in  a  very  decided  manner 
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when  the  source  of  heat  was  a  flame  of  bisulphide  of  carbon.  It 
was  found  moreover  that,  whenever  two  liquids  underwent  a  change 
of  position  of  this  kind,  the  vapours  of  the  liquids  underwent  a 
similar  change;  in  its  finest  gradations,  the  deportment  of  the 
liquid  was  imitated  by  that  of  its  vapour. 

§  XII.  Explanation  of  certain  results  o/Melloni  and 
M.  Knoblauch. 

And  here  we  find  ourselves  in  a  position  to  offer  solutions 
of  various  facts  which  have  hitherto  stood  as  enigmas  in  re- 
searches upon  radiant  heat.  It  was  for  a  time  generally  sup- 
posed that  the  power  of  heat  to  penetrate  diathermic  substances 
augmented  as  the  temperature  of  the  source  of  heat  became 
more  elevated.  Knoblauch  contended  against  this  notion,  show- 
ing that  the  heat  emitted  by  a  platinum  wire  plunged  into  an 
alcohol  flame  was  less  absorbed  by  certain  diathermic  screens 
than  the  heat  of  the  flame  itself,  and  justly  arguing  that  the 
temperature  of  the  spiral  could  not  be  higher  than  that  of  the 
body  from  which  it  derived  its  heat.  A  plate  of  glass  being 
introduced  between  his  source  and  his  thermo-electric  pile,  the 
deflection  of  his  needle  fell  from  35°  to  19°  when  the  source  was 
the  platinum  spiral ;  while,  when  the  source  was  the  flame  of 
alcohol,  when  the  glass  was  introduced  the  deflection  fell  from 
35°  to  16°,  proving  that  the  radiation  from  the  flame  was  inter- 
cepted more  powerfully  than  that  from  the  spiral — showing,  in 
other  words,  that  the  heat  emanating  from  the  body  of  highest 
temperature  possessed  the  least  penetrative  power.  Melloni 
afterwards  corroborated  this  experiment. 

Transparent  glass  allows  the  rays  of  the  visible  spectrum  to 
pass  freely  through  it ;  but  it  is  well  known  to  be  highly  opake 
to  the  radiation  from  obscure  sources — in  other  words,  to  waves 
of  long  period.  A  plate  2'6  millimetres  thick  intercepts  all  the 
rays  from  a  source  of  100°  C,  and  allows  only  6  per  cent,  of  the 
heat  emitted  by  copper  raised  to  400°  C.  to  pass  through  it*. 
Now  the  products  of  the  combustion  of  alcohol  are  aqueous 
vapour  and  carbonic  acid,  whose  waves  have  been  proved  to  be 
of  slow  period,  and  hence  of  that  particular  character  which  are 
most  powerfully  intercepted  by  glass  ;  but  by  plunging  a  plati- 
num wire  into  such  a  flame,  we  virtually  convert  its  heat  into 
heat  of  higher  refrangibility ;  we  break  up  the  long  periods  into 
shorter  ones,  and  thus  establish  the  discord  between  the  periods 
of  the  source  and  the  periods  of  the  diathermic  glass,  which,  as 
before  defined,  is  the  physical  cause  of  the  transparency.  On 
purely  a  jjriori  grounds,  therefore,  we  might  infer  that  the 
introduction  of  the  platinum  spiral  would  augment  the  penetra- 

*  Melloni. 
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tive  power  of  the  heat  through  the  glass.  Melloni,  with  two 
j)lates  of  glass  of  different  thicknesses,  found  the  following  trans- 
missions for  the  Hamc  and  the  spiral : — 

For  the  flame.  For  the  platinum, 

41-2  52-8 

5-7  26-2 

The  same  remarks  apply  to  the  transparent  selenite  examined 
by  Melloni.  This  substance  is  highly  opake  to  the  extra-red 
undulations;  but  the  radiation  from  an  alcohol  flame  is  almost 
wholly  extra-red,  and  hence  the  opacity  of  the  selenite  to  this 
radiation.  The  introduction  of  the  platinum  spiral  shortens  the 
l)eriods  and  augments  the  transmission.  Thus,  with  two  speci- 
mens of  selenite,  of  different  thicknesses,  Melloni  found  the 
transmission  to  be  as  follows  : — 


Flame. 

Platinum. 

4-4. 

19-5 

1-7 

•     3-5 

So  far  the  results  of  Melloni  correspond  with  those  of  M.  Knob- 
lauch ;  but  the  Italian  philosopher  pursues  the  matter  further, 
and  shows  that  M.  Knoblauches  results,  though  true  for  the  par- 
ticular substances  examined  by  him,  are  far  from  being  appli- 
cable to  diathermic  media  generally.  Melloni  shows  that  in 
the  case  of  black  glass  and  black  mica,  a  striking  inversion  of 
the  effect  is  observed ;  that  is  to  say,  that  through  these  sub- 
stances the  radiation  from  the  Hamc  is  more  copiously  trans- 
mitted than  the  radiation  from  the  platinum  spiral.  For  two 
pieces  of  black  glass  of  different  thicknesses,  he  found  the  fol- 
lowinc;  transmissions : — 


From  the  flame. 

Fi-ora  the  platinum, 

52-6 

42-8 

29-9 

27-1 

And  for  two  plates  of  black  mica  the  following  transmissions 
wei'e  found : — 

From  the  flame.  From  the  platinum. 

62-8  52-5 

43-3  28-9 

These  results  were  left  unexplained  by  Melloni ;  but  the  solution 
is  now  easy.  The  black  glass  and  the  black  mica  owe  their 
blackness  to  the  carbon  incorporated  in  them,  and  the  blackness 
of  this  substance,  as  already  remarked,  proves  the  accord  of  its 
vibrating-periods  with  those  of  the  visible  spectrum.  But  it 
has  been  proved  that  carbon  is  in  a  considerable  degree  pervious 
to  the  waves  of  long  period — that  is  to  say,  to  such  waves  as  are 
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emitted  by  a  flame  of  alcohol.  The  case  of  the  carbon  is  there- 
fore precisely  antithetical  to  that  of  the  transparent  glass — the 
former  transmitting  the  heat  of  long  period  most  freely,  and  the 
latter  transmitting  the  heat  of  short  period  most  freely.  Hence 
it  follows  that  the  introduction  of  the  platinum  wire,  by  convert- 
ing the  long  periods  of  the  flame  into  short  ones,  augments  the 
transmission  through  the  transparent  glass  and  selenite,  and 
diminishes  it  through  the  black  glass  and  the  black  mica. 

§  XIII.  Radiation  of  hydrogen-flame  through  lampblack,  iodine^ 
and  rock-salt. — Diathermancy  of  rock-salt  examined. 

Lampblack,  as  already  stated,  is  in  accord  with  the  undu- 
lations of  the  visible  spectrum ;  it  absorbs  them  all ;  but  it  is 
partially  transparent  to  the  waves  of  slow  period.  As,  therefore, 
the  waves  issuing  from  a  flame  of  hydrogen  have  been  proved  to 
be  of  slow  period,  we  may  with  probability  infer  that  its  radia- 
tion will  penetrate  the  lampblack.  A  plate  of  rock-salt  was 
placed  over  an  oil-lamp  until  the  layer  of  soot  deposited  on  it 
was  sufficient  to  intercept  the  light  of  the  brightest  gas-flame. 
The  smoked  plate  was  introduced  in  the  path  of  the  rays  from 
the  hydrogen-flame,  and  its  absorption  was  measured;  the  plate 
was  then  cleansed,  and  its  absorption  again  determined.  The 
difference  of  both  gave  the  absorption  of  the  layer  of  lampblack. 
The  results  were  as  follows  : — 


Table  XLI. 

Deflection. 

Absorption, 

o 
Smoked  rock-salt .     .     .     44-2 

83-7 

Unsmoked  plate    .     .     .     15*8 

24-0 

The  difference  between  these  gives  us  the  absorption  of  the 
lampblack  ;  it  is  58*7  per  cent. ;  and  this  corresponds  to  a  trans- 
mission of 

41 '3  per  cent. 

of  the  radiation  from  the  hydrogen-flame. 

Iodine,  in  a  solution  sufficiently  opake  to  cut  off"  the  light  of 
our  most  brilliant  lamps,  transmitted  of  the  heat  of  the  hydro- 
gen-flame 

99  per  cent. 

In  experimenting  on  liquids  with  heat  of  slow  period,  I 
noticed  that  the  introduction  of  the  empty  rock-salt  cell  caused 
the  needle  to  move  through  a  much  larger  arc  than  when  the 
source  was  a  luminous  one.  This  suggested  to  me  that  a  greater 
proportion  of  the  heat  of  slow  period  was  absorbed  by  the  rock- 
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salt.     I  made  a  few  experiments  to  test  the  diathermancy  of  the 
salt,  with  the  following  results  : — 

For  the  heat  of  a  hydrogen-flame,  the  transmission  through  a 
perfectly  transparent  plate  of  rock-salt  was 

82-3  per  cent. 

For  a  spiral  of  platinum  wire  heated  to  whiteness  by  an  electric 
current;  the  transmission  was 

87  per  cent. 

For  the  same  spiral  lowered  to  bright  redness,  the  transmission 

was 

84'4  per  cent. 

For  the  same  spiral  lowered  to  moderate  redness,  the  transmis- 
sion was 

83'6  per  cent. 

Nothing  was  changed  in  these  experiments  but  the  heat  of  the 
spiral ;  the  direction  of  the  rays,  and  the  size  of  the  radiating 
body,  remained  throughout  the  same;  still  we  find  a  gradually 
augmenting  opacity  on  the  part  of  the  rock-salt  as  the  tempera- 
ture of  the  source  is  lowered.  There  cannot,  I  think,  be  a 
doubt  that  MM.  De  la  Provostaye  and  Desains  are  right  in  their 
conclusion  that  rock-salt  acts  differently  on  different  calorific 
rays,  and  is  not,  as  IMelloni  sup])osed,  equally  transparent  to  all. 
For  the  heat  of  the  hydrogen-flame  it  is  more  opake  than  for 
that  of  the  moderately  red  spiral. 

§  XIV.   Connexion  between  radiation  and  conduction. 

This  memoir  ought  perhaps  to  end  here ;  I  would,  however, 
ask  permission  to  make  a  few  additional  remarks  on  a  subject 
which  was  briefly  touched  upon  towards  the  conclusion  of  the 
first  of  this  series  of  memoirs.  I  make  these  remarks  with  diffi- 
dence, for  I  have  reason  to  know  that  authorities  for  whom  I 
entertain  the  highest  respect  do  not  share  my  views  regarding 
the  connexion  which  subsists  between  the  radiation  and  conduc- 
tion of  heat. 

Let  us  suppose  heat  to  be  communicated  to  the  superficial 
stratum  of  the  molecules  of  any  body ;  say,  the  molecules  at  the 
extremity  of  a  metal  bar.  They  vibrate,  and  the  motion  com- 
municated by  them  to  the  external  sether  is  dispatched  in  waves 
through  space.  The  vibrating  superficial  molecules  must  also 
set  in  motion  the  aether  ivithin  the  body,  and  a  portion  of  this 
motion  will  be  transferred  to  the  stratum  of  molecules  next 
adjacent  to  the  superficial  ones,  heat  as  a  consequence  appearing 
to  penetrate  the  mass.     But  irrespective  of  the  sether,  the  mole- 
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cules  of  tlie  body  occupy  positions  which  are  determined  by  their 
attractive  and  repulsive  forces ;  so  that  if  any  one  molecule  be 
forcibly  moved  from  its  position  of  equilibrium,  it  will  of  neces- 
sity disturb  its  neighbours.  In  a  system  of  molecules  so  related, 
it  is  manifest  that  motion  could  be  transmitted  independently  of 
the  aether  which  sui-rounds  them.  If  we  could  imagine  the  sether 
entirely  away,  the  motion  that  we  call  heat  would  still  be  pro- 
pagated from  molecule  to  molecule  through  such  a  body.  Co7i- 
duction  would  manifest  itself,  while  radiation  would  be  absent 
through  want  of  a  medium. 

In  matter,  however,  as  we  have  it,  molecular  motion  is  only 
in  part  transmitted  immediately  from  molecule  to  molecule, 
being  in  part  transmitted  mediately  by  the  pether.  Now  the 
quantity  of  motion  transmitted  by  the  ajther  to  our  second  stra- 
tum of  molecules  cannot  be  the  ivhole  of  that  which  the  first  or 
superficial  stratum  imparted  to  the  aether.  The  sether  must 
retard  and  indeed  squander  the  internal  molecular  motion ;  and 
were  the  medium  absent — were  the  cushion  removed  which 
interferes  with  the  direct  propagation  of  motion  from  molecule 
to  molecule — conduction  would  be  freer  than  at  present;  the 
heat  would  penetrate  further  into  the  mass  than  when  the  aether 
intervenes. 

The  reasoning  just  employed  leads  to  the  inference  that  those 
molecules  which  experience  most  resistance  from  the  tether  must 
be  the  least  competent  to  transfer  the  motion  of  heat  from  one 
to  the  other.  The  direct  power  of  communication  is  enfeebled 
by  the  aether,  and  the  motion  obtained  indirectly  cannot  make 
good  the  loss.  We  are  thus  led  to  the  conclusion  that  the  best 
radiators  ought  to  prove  themselves  the  worst  conductors. 

A  broad  consideration  of  the  subject  shows  that  the  conclu- 
sion is  in  general  harmony  with  observed  facts.  Organic  sub- 
stances are  all  exceedingly  imperfect  conductors  of  heat,  and 
they  are  all  excellent  radiators.  The  moment  we  pass  from  the 
metals  to  their  compounds  we  pass  from  a  series  of  good  con- 
ductors to  bad  ones,  and  from  a  series  of  bad  radiators  to 
good  ones  *. 

*  And  we  also  pass,  as  a  general  rule,  from  a  series  of  bodies  which 
vibrate  in  accord  with  the  visible  sijectrum  to  a  series  which  vibrate  in  dis- 
cord with  the  spectrum.  The  lowering  of  the  rate  of  vibration  is  a  conse- 
quence of  chemical  iniion.  The  comparative  incompetence  of  compound 
bodies  to  oscillate  in  visual  periods  has  incessantly  declared  itself  in  these 
researches.  I  would  here  refer  to  a  most  interesting  illustration  of  the 
same  kind,  derived  from  the  experiments  of  MM.  De  la  Provostaye  and 
Desains.  These  distinguished  experimenters  were  the  first  to  record  the 
important  fact  that  the  qualities  of  heat  emitted  by  bodies  at  the  same 
temperature  may  be  very  unlike.  Two  experiments  illustrate  this  fact. 
The  first  is  recorded  in  the  Comptes  Rendus,  vol.  xs.xiv.  p.  951.     One  half 
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In  the  earlier  memoirs  of  MM.  De  la  Provostayc  and  Desains*, 
and  in  that  of  MM.  Wiedemann  and  Franz,  I  find  the  following 
facts: — The  radiative  power  of  platinum  is  five  times  that  of 
silver ;  its  conductive  power  is  one-tenth  that  of  silver.  Plati- 
num has  more  than  twice  the  radiative  power  of  gold ;  it  has 
only  one-seventh  of  the  conducting  power.  Zinc  and  tin  are 
almost  equal  as  conductors,  and  they  are  also  nearly  equal  as 
radiators.  Silver  has  about  six  times  the  conductive  power  of 
zinc  and  tin  ;  it  has  only  one-fourth  of  their  radiative  powers. 
Brass  possesses  but  one-half  the  radiative  energy  of  platinum  ;  it 
possesses  more  than  twice  its  conductivity.  Other  experiments 
of  MM.  De  la  Provostayc  and  Desaiusf  confirm  those  hitherto 
referred  to.  Taking  the  absorbent  power,  as  determined  by  these 
excellent  experimenters,  to  express  the  radiating  power,  and 
multiplying  their  results  by  a  common  factor  to  facilitate  com- 
parison with  those  of  MM.  Wiedemann  and  Franz  on  conduc- 
tion, we  obtain  the  following  Table  : — 

Table  XLII. — Comparison  of  Conduction  and  Radiation. 

Name  of  metal.         Conduction.  Radiation. 

Silver   ....       100  11 

Gold     ....         53  27 

Brass    ....         24  42 

Tin       ....         15  90 

Platinum  ...           8  100 

We  here  find  that,  as  the  power  of  conduction  diminishes, 
the  power  of  radiation  augments — a  result,  T  think,  completely 
in  harmony  with  that  to  which  a  consideration  of  the  molecular 

of  a  cube  was  coated  with  lampblack,  and  the  other  half  with  cinnabar. 
The  cube  being  filled  with  oil  at  a  temperature  of  173°  C,  it  was  found 
that  the  emission  from  the  cinnabar  was  more  copiously  absorbed  by  a 
plate  of  glass  than  that  from  the  lampblack.  In  the  second  experiment, 
they  found  that,  while  39  per  cent,  of  the  radiation  from  a  bright  surface 
of  platinum  was  transmitted  by  a  plate  of  glass,  only  29  per  cent,  of  the 
radiation  from  the  oi^iiosite  surface  of  the  same  plate,  which  was  coated 
with  borate  of  lead,  was  transmitted.  These  results  are  quite  in  harmony 
with  the  views  which  I  have  ventured  to  enunciate.  We  may  infer  from 
them  that  the  heat  emitted  by  the  res})ective  compounds — the  cinnabar  and 
the  borate  of  lead— is  of  slower  period  than  that  emitted  by  the  elements; 
for  experiment  proves  that  as  the  periods  are  quickened  the  glass  becomes 
more  transparent.  At  a  temperature  of  100°  C,  moreover,  the  emission 
from  borate  of  lead  was  found  equal  to  that  from  lampblack  ( Cowija^es 
Rendus,  vol.  xxxviii.  p.  442),  while  at  a  teraperatiu"e  of  550°  C.  it  had  only 
three-fourths  of  the  emissive  power  of  the  lampblack.  With  reference  to 
the  theoretic  views  which  these  researches  are  intended  to  foreshadow,  the 
residts  of  MM.  De  la  Provostaye  and  Desains  are  of  the  highest  interest. 

*  Comptes  Rendus,  1846,  vol.  xxii.  p.  1139. 

t  Annates  de  Chimie,  1850,  vol.  xxx.  p.  442. 
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mechanism  leads  us.  There  is  but  one  serious  exception  known 
to  me  to  the  law  here  indicated ;  this  is  copper,  which  MM.  De 
la  Provostaye  and  Desains  place  higher  than  gold  as  a  radiator, 
though  it  is  also  higher  as  a  conductor.  When,  however,  the 
immense  change  in  radiative  power  which  the  slightest  film  of 
oxide  can  produce,  and  the  liability  of  heated  copper  to  con- 
tract such  a  film,  are  taken  into  account,  the  apparent  exception 
will  not  have  too  much  weight  ascribed  to  it.  I  have  had  a 
cube  of  brass  coated  electrolytically  with  copper,  silver,  and 
gold ;  and,  of  all  its  faces,  that  coated  with  copper  has  the  least 
emissive  power.  This  is  probably  due  to  some  slight  impurity 
contracted  by  the  silver.  What  we  know  of  the  deportment  of 
minerals  also  illustrates  the  law.  Rock-salt  1  find  to  be  a  far 
better  conductor  than  glass,  while  MM.  De  la  Provostaye  and 
Desains  find  the  relative  emissive  powers  of  the  two  substances 
to  be  as  17  to  6:  the  radiant  power  of  the  salt  is  little  more 
than  one-third  that  of  the  glass.  So  also  with  regai'd  to  alum  : 
as  a  conductor  it  is  immensely  behind  rock-salt ;  as  a  radiator  it 
is  immensely  in  advance  of  it. 

Royal  Institution,  March  1864. 


LXIV.   On  Gun-cotton,  with  reference  to  the  New  Methods  of 
General  Baron   von  Lenk  for  preparing  and  emplorjing   this 
Substance.     By  M.  Pelouze,  Member  of  the  Institute,  and 
.  M.  Maurey,  Commissioner  for  Gunpoivder*. 

I.  Preparation  of  Gun-cotton  in  France  and  in  Austria. 

A  SHORT  time  after  M.  Schonbein's  discovery  of  this  new 
explosive  substance,  its  manufacture  on  a  large  scale  was 
commenced  at  the  powder-mills  of  Bouchet.  This  establish- 
ment, from  1847  to  1848,  yielded  about  5000  kilogs.  for  the 
numerous  experiments  made  in  France  with  a  view  to  substitute 
this  substance  for  gunpowder  in  mines  and  in  fire-arms. 

The  experiments  made  in  Austria  with  the  same  object  appear 
to  reach  no  further  back  than  the  year  1851 ;  but  they  have 
been  pursued  for  a  longer  time  than  in  other  countries,  thanks 
to  the  perseverance  of  General  Baron  von  Lenk,  who  was  on  the 
first  German  Commission  at  Mainz,  and  who  has  continued  to 
occupy  himself  with  the  question.  Up  to  1862  the  manufacture 
of  Austrian  gun-cotton  remained  a  mystery.  "  It  is,"  says 
Commandant  d'Andlau,  writing  from  Vienna  on  the  15th  No- 
vember 1861,  "a  secret  which  time  alone  will  reveal."  No  stranger 

*  Translated  from  the  Annates  de  Chimie  et  de  Physique  for  October  1864, 
by  Dr.  E,  Atkinson,  Royal  Military  College,  Sandhurst. 
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was  admitted  into  the  factory  at  Hirtenberg,  where  General  von 
Lenk's  method  was  carried  out.  The  Commandant  d'Andlau 
added  that^  after  most  satisfactory  trials,  the  Emperor  of  Austria 
had  decided  on  the  adoption  of  a  new  material  for  the  employ- 
ment of  gun-cotton  in  all  the  field  artillery. 

Two  main  objections  have  in  France  hindered  the  replacement 
of  gunpowder  by  gun-cotton :  one  is  based  on  its  bursting  ac- 
tion on  the  fire-arms,  the  other  on  the  accidental  decompositions 
and  spontaneous  explosions  which  have  been  noticed,  first  in 
France  and  then  abroad.  We  meet  with  these  objections  in  the 
documents  connuunicated  by  General  von  Lenk,  which,  although 
edited  favourably  towards  his  views,  show,  in  combating  them, 
contrary  opinions  in  the  body  of  the  Committee  of  the  Austrian 
Artillery.  These  oj)inions  appear  latterly  to  have  acquired 
such  an  ascendency,  that  the  idea  of  having  a  form  of  artillery 
specially  created  for  the  use  of  gun-cotton  has  been  given  up. 
If  the  manufacture  of  this  substance  in  Austria  is  not  yet 
abandoned,  it  is  considerably  reduced,  especially  since  an  explo- 
sion in  July  18G2. 

The  cause  of  this  accident,  like  the  explosions  at  Vincennes  and 
at  Bouchet  fourteen  years  before,  could  only  be  a  spontaneous 
explosion.  It  would  be  superfluous  to  revert  to  facts  confirmed 
in  France ;  but  w'c  may  quote  the  following  passage  from  an 
official  report  relative  to  the  Austrian  explosion  : — "  The  deposi- 
tion which  was  made  on  the  31st  July  18G2  relative  to  the  explo- 
sion which  took  place  the  night  before  in  the  magazine  No.  9 
near  Simmering,  supposes,  as  the  cause  could  not  be  ascertained, 
that  this  explosion  was  due  to  the  spontaneous  decomposition  of 
gun-cotton.^' 

We  have  not  been  able  to  obtain  from  General  von  Lenk  a  copy 
of  this  deposition.  In  answer  to  our  inquiries,  he  stated  that 
as  the  inquest  did  not  ascertain  the  cause  of  the  accident,  it 
might  as  well  have  been  due  to  gunpowder  as  to  gun-cotton. 
We  cannot  admit  this,  since  for  centuries  no  case  of  spontaneous 
combustion  has  been  met  with  either  in  magazines  for  powder 
for  ammunition,  or  in  those  for  sporting  or  mining  powder, 
while  gun-cotton,  which  is  still  on  its  trial,  has  furnished  nume- 
rous cases  .in  laboratories  under  the  very  eyes  of  chemists,  and 
in  magazines  where  the  explosion  could  not  be  otherwise  ex- 
plained. Regarding  this,  we  may  observe  that  one  of  the  docu- 
ments from  Austria  compares  with  these  spontaneous  explosions 
the  explosions  which  may  be  produced  while  powder  is  being 
made.  This  comparison  does  not  hold  good.  Explosions  simply 
due  to  accidents  in  manufacture,  such  as  a  blow,  a  piece  of  grit, 
imprudence  of  the  workmen,  or  a  disturbance  of  the  mechanism, 
cannot  be  compared  with  those  produced  subsequently  to  the 
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manufacture  by  reactions  between  the  elements  of  the  com- 
pound. 

General  von  Lenk  does  not  deny  the  reactions  which  may  cause 
the  inflammation  of  the  gun-cotton  when  they  disengage  a  suf- 
ficient heat ;  but  he  thinks  they  may  be  avoided  by  taking  the 
precautions  which  he  has  recently  made  known. 

His  method  depends  on  the  same  reactions  as  those  used  in 
the  powder  works  at  Bouchet  seventeen  years  ago,  and  which 
are  described  in  a  memoir  of  the  17th  of  February  1849.  The 
Austrian,  like  the  French  gun-cotton,  is  a  compound  pro- 
duced by  the  immersion  of  cotton  in  a  mixture  of  nitric  and 
sulphuric  acids.  Their  proportions  may  be  varied  within  toler- 
ably wide  limits  without  modifying  the  quality  of  the  product. 
Yet  as  the  most  successful  the  author  of  the  memoir  of  1849 
mentions  a  mixture  of  3  volumes  of  nitric  acid  with.  7  of  sul- 
phuric acid,  equal  in  weight  to  1  of  nitric  to  2'86  of  sulphuric 
acid.  This  is  almost  the  ratio  of  1  to  3  adopted  by  General  von 
Lenk.  At  Hirtenberg  each  acid  is  admitted  into  the  mixing- 
vessel  by  a  small  orifice,  in  order  to  moderate  the  increase  of 
temperature.  At  Bouchet,  where  this  precaution  was  not  taken, 
an  increase  of  about  30°  was  observed ;  but  the  mixture  was  pre- 
pared sufficiently  long  beforehand  to  allow  it  to  sink  to  the 
temperature  of  the  surrounding  air  before  the  immersion  of  the 
cotton. 

Moreover  differences  of  this  kind  could  have  no  influence  on 
the  qualities  of  gun-cotton.  We  shall  describe  those  to  which 
General  von  Lenk  attaches  most  importance.  According  to 
him,  the  Bouchet  method,  in  which  200  grammes  of  cotton  are 
immersed  in  a  litre  of  the  mixture,  would  not  give  the  same  pro- 
duct as  that  obtained  by  working  with  a  much  larger  propor- 
tion of  the  mixture  and  by  means  of  a  special  apparatus.  This 
apparatus  is  a  rectangular  trough,  divided  longitudinally  into 
three  compartments,  and  kept  at  the  temperature  of  a  current 
of  water  which  circulates  between  double  sides.  The  first  is  a 
reservoir  which  supplies  the  second  with  the  mixture,  so  as  to 
have  constantly  a  bath  of  30  kilogs.  for  100  grammes  of  cotton. 
The  cotton  is  thus  immersed  in  300  times  its  weight  of  acids. 
It  is  stirred,  and  as  soon  as  it  appears  completely  soaked  with 
acid,  which  only  requires  about  a  minute,  it  is  placed  on  a  small 
strainer  over  the  bath  and  subjected  to  a  regulated  pressure,  so 
as  always  to  leave  the  same  weight  of  acids.  With  a  little  skill 
1*150  kilog.  is  obtained  as  the  weight  of  the  pressed  mass; 
hence  100  grammes  of  cotton  take  1*050  kilog.  from  the  bath. 
These  operations  are  constantly  repeated  on  the  same  bath,  re- 
placing each  time  by  1  '050  kilog.  of  the  new  mixture  that  which 
the  cotton  has  removed. 

Phil.  Mag.  S.  4.  No.  192.  SuppL  Vol.  28.  2  N 
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The  cotton  is  transferred  from  the  strainer  to  the  third  com- 
partment ;  then,  when  it  is  in  sufficient  quantity  to  fill  this 
almost  entirely,  it  is  withdrawn  and  placed  in  vessels,  where  it 
remains  forty-eight  hours.  These  vessels  are  surrounded  by 
water,  so  that  the  temperature  never  experiences  such  an  eleva- 
tion as  to  produce  decomposition. 

The  contents  of  these  vessels  are  placed  in  a  machine,  the 
rotation  of  which  expels  in  a  few  minutes  three-fourths  of  the 
non-combined  acid.  These  weakened  acids  are  not  further 
used  in  the  manufactory ;  they  are  supplied  to  a  contractor,  who 
gives  in  return  concentrated  sulphuric  acid. 

To  remove  the  remainder  of  the  acids,  the  cotton  is  washed  by 
agitating  it  in  a  current  of  water,  and  leaving  it  immersed  for 
six  weeks.  At  the  expiration  of  this  time  the  cotton  is  again 
dried  by  rotation,  then  soaked  in  a  boiling  solution  of  carbonate 
of  potass  of  2°  Baume,  and  treated  with  pure  water  until  there 
is  no  alkaline  reaction. 

Finally,  after  a  third  and  last  drying  by  rotation,  the  cotton 
is  di'ied  in  the  air  when  the  weather  is  suitable,  otherwise  in  an 
oven  whose  temperature  does  not  exceed  20°. 

This  is  General  von  Lenk's  method. 

At  Bouchet  the  same  operations  were  effected  in  the  same 
order,  but  with  the  followmg  differences  : — (1)  in  the  proportion 
of  the  cotton  to  the  acids,  as  explained  above ;  (2)  in  the  duration 
of  the  impregnation,  which  was  one  hour  instead  of  forty-eight ; 
(3)  in  that  of  the  washing  in  the  current  of  water  (an  hour  or 
an  hour  and  a  half  instead  of  six  weeks) ;  (4)  in  the  machine  for 
removing  the  acids  and  the  water,  which  were  presses  instead  of 
rotating  machines ;  (5)  in  the  mode  of  neutralizing  the  last  traces 
of  acids ;  with  this  view  a  cold  ley  of  ashes  was  used,  in  which 
the  cotton  was  immersed  for  twenty-four  hours,  while  General 
von  Lenk  boils  it  for  a  few  minutes  in  a  solution  of  carbonate  of 
potass. 

We  may  here  reply  to  an  assertion  in  a  German  Report,  with 
an  English  translation  of  which  General  Lenk  has  furnished  us. 
It  is  there  pretended  that  ihe  French  cotton  retained,  after  wash- 
ing, so  much  free  acid,  that  a  layer  of  wood  ashes  was  neutralized 
by  contact  with  it,  and  became  acid  after  long  usage.  A  cotton 
which,  like  that  manufactured  at  Bouchet,  had  remained  for 
twenty-hours  in  an  alkaline  ley  could  not  produce  such  a  result. 

The  use  of  rotators  has  the  advantage  over  presses  of  not 
spoiling  the  fibres  of  cotton.  A  better-looking  preparation  may 
thus  be  obtained,  but  this  modification  has  no  influence  on  the 
chemical  composition. 

We  shall  not  discuss  the  other  differences  between  the  me- 
thod of  Bouchet  and  that  of  Hirtenberg.     The  most  certain 
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means  of  ascertaining  the  influence  which  they  may  exert  is  to 
compare  their  respective  products.  This  we  have  done  within  the 
last  three  months,  with  the  cooperation  of  M.  Faucher,  Assistant 
Commissioner  of  Gunpowder,  and  of  M.  Chapoteaut,  assistant  to 
one  of  us. 

Before  describing  our  comparative  experiments,  we  must  men- 
tion a  last  modification  which  General  von  Lenk  has  introduced 
into  the  manufacture  of  Austrian  gun-cotton. 

It  is  regarding  the  use  of  soluble  glass,  with  a  view  to  close 
the  fibres  of  cotton  by  the  precipitation  of  silicate  to  retard  the 
disengagement  of  gas,  and  then  to  eliminate  the  traces  of  acid 
ivJiich  might  be  there.  (The  words  in  italics  are  extracted  from  a 
note  of  General  von  Lenk.) 

This  pi'eparation  is  applied  by  arranging  the  gun-cotton  in  a 
rotatory  apparatus,  into  which  leads  a  pipe  pouring  upon  it  solu- 
tion of  glass  of  12°  Baume.  The  gun-cotton  thus  treated  is 
dried  and  left  for  a  suiBciently  long  time  to  allow  the  carbonic 
acid  of  the  atmosphere  to  unite  with  the  soda  of  the  glass,  which 
causes  the  precipitation  of  silica.  The  carbonate  of  soda  being 
removed  by  washing,  the  insoluble  silicate  remains  as  a  sort  of 
sheath,  adhering  to  the  fibres  of  the  cotton,  which  thus  increases 
about  2  per  cent,  in  weight. 

Here  is  a  difference  between  the  two  methods;  soluble  glass 
has  never  been  used  in  France;  but  we  shall  show  in  describing 
our  experiments  that  this  modification  has  not  the  importance 
ascribed  to  it  by  General  von  Lenk. 

Our  experiments  have  been  made  upon  three  series  of  pyro- 
xyles. 

In  the  first  we  class  the  large  number  of  specimens  which 
have  been  prepared  and  examined  in  the  laboratory,  principally 
with  a  view  to  determine  the  quantity  of  pyroxyle  produced  by 
a  given  weight  of  cotton,  by  varying  the  quantity  of  the  mixture, 
its  proportion,  and  the  duration  of  the  impregnation. 

The  second  series  comprises  three  specimens  of  the  Lenk 
manufacture  :  one  which  General  Lenk  has  presented  as  a  spe- 
cimen of  the  Hirtenberg  manufacture ;  another  which  came 
from  London,  the  product  of  a  private  manufactory  in  England 
on  the  model  of  that  of  Hirtenberg ;  the  third,  which  has  been 
prepared  under  our  own  eyes,  by  the  method  of  General  von 
Lenk. 

We  may  observe  that  this  third  specimen  was  immersed  in  a 
current  of  water  for  four  days  instead  of  for  six  weeks,  and  sili- 
cate of  soda  was  not  used.  In  our  view  an  immersion  of  four 
days  was  sufficient  to  remove  all  trace  of  acids.  The  washing 
with  water  was  followed  by  a  washing  with  potash ;  we  even 
think  that  it  might  have  been  abridged  without  the  least  incon- 

2N2 
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venience.  As  regards  the  silicate  of  soda,  it  would  have  intro- 
duced an  uncertainty  into  the  determination  of  the  atomic  for- 
mula of  gun-cotton. 

The  third  series  comprises  three  specimens  made  by  the 
Bouchet  method  :  one  kept  from  the  old  manufacture  of  1847, 
and  two  others  made  recently.  For  one  of  these  latter  the  Lenk 
mixture  was  used  (1  of  nitric  to  3  of  sulphuric  acid),  and  for 
the  other  a  mixture  of  1  volume  of  nitric  and  2  volumes  of  sul- 
phuric acid ;  which  is  equal  to  1  part  by  weight  of  the  former  to 
2*46  of  the  second  acid.  This  proportion  was  designated  at 
Bouchet  by  the  name  of  unequal  volumes. 

II.   Quantity  of  Gun-cotton  yielded  by  a  given  weight  of  cellulose. 

Disregarding  the  few  thousandths  of  foreign  matters,  purified 
cotton  is  cellulose,  C^^  II'"  O^o,  or  C^^H^OQi-o,  In  a  German 
Report  signed  by  MINI,  llcdtcnbachcr,  Schrotter,  and  Schneider, 
the  following  formula  is  assigned  to  gun-cotton, 

C'2H7  07,3NO^  or  C'^H^  (NO^O^ 

which  corresponds  to  the  following  composition  : — 

Carbon 24-24 

Hydroiren 2'36 

Oxygen 5926 

Nitrogen 14-14 

10(V00 

The  equation  of  the  reaction  may  be  stated  in  two  ways  : — 

1.  By  assuming  that,  in  contact  with  the  mixture  of  nitric 
and  sulphuric  acids,  the  cotton  loses  water,  which  is  replaced  by 
the  first  of  these  acids, 

Ci2HioOio  +  3NO^=C'2H7  07  3N05+3HO. 

2.  By  supposing  that  the  hydrogen  of  the  cellulose  is  replaced 
by  an  equal  number  of  equivalents  of  hyponitrous  acid, 

Ci2piiooio  +  3^T05^C'2H7(NO'i)3  0io  +  3HO. 

According  to  this,  100  parts  of  cotton  ought  to  give  183  of  gun- 
cotton.  But  by  varying  in  more  than  100  experiments  the 
pi'oportions  of  the  bodies  concerned,  we  could  never  obtain  more 
than  178  parts. 

The  German  Report  is  silent  regarding  the  yield,  which,  in 
our  opinion,  is  the  most  solid  basis  for  the  composition  of  gun- 
cotton.  We  do  not  mean  to  say  thereby  that  the  exact  determi- 
nation of  the  quantity  of  gun-cotton  produced  renders  useless 
the  elementary  analysis  of  the  latter ;  but  it  is  necessary  that  the 
analysis  agree  with  the  quantity  of  the  product. 

Our  experiments  on  the  yield  were  made  with  cotton  of  good 
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quality,  which  had  been  previously  washed  in  a  boiling  solution 
of  carbonate  of  soda  or  of  soap^  and  freed  as  far  as  possible  from 
all  foreign  substances,  and  particularly  from  fragments  of  cotton- 
grains.  Before  using,  it  was  carefully  dried  in  a  Gay-Lussac's 
stove  at  a  temperature  between  100°  and  115°. 

The  sulphuric  acid  marked  ^^f  on  Baume's  areometer. 
The  niti'ic  acid  had  the  density  1-500  at  9°;  it  was  slightly 
nitrous,  and  of  a  yellow  colour.  The  relative  proportions  of  sul- 
phuric and  nitric  acids  were  varied  so  as  to  present  (1)  the  com- 
l)Osition  of  the  Lenk  mixture;  (2)  that  of  the  Bouchet  unequal 
volumes ;  (3)  various  proportions  intermediate  between  2  and  3 
of  sulphuric  for  1  of  nitric  acid. 

The  proportions  of  the  mixture  to  the  cotton  were  also  varied, 
so  as  to  give  that  formerly  used  at  Bouchet,  that  indicated  by 
General  Lenk,  and  various  proportions  increasing  to  a  limit 
where  the  weight  of  the  acid  was  500  times  that  of  the  cotton. 

Lastly,  the  time  during  which  the  cotton  was  immersed  in  the 
acids  varied  from  one  hour  to  sixty-six.  In  all  these  experiments 
the  yields  varied  within  small  limits  without  exceeding  178  for 
100  of  cotton. 

If  weak  acids  are  taken,  or  concentrated  ones  in  which  sul- 
phuric acid  is  present  in  considerable  quantities  (8  or  10  parts, 
for  instance,  to  1  of  nitric  acid),  the  yields  are  less.  The  same 
is  the  case  if  the  time  of  immersion  is  too  much  diminished  and 
is  reduced  to  two  or  three  minutes.  Moreover,  in  these  different 
cases  the  product  is  not  the  gun-cotton  as  obtained  by  the  me- 
thods pursued  at  Bouchet  and  at  Hirtcnbergj  it  has  smaller 
ballistic  effects,  and  it  is  generally  soluble  in  a  mixture  of  alcohol 
and  ether. 

The  yields  of  the  manufactory,  whether  at  Hirtenbcrg  or  at 
the  Bouchet  powder-mills,  are  far  from  those  obtained  in  the 
laboratory  in  small  quantities.  In  fact,  according  to  General 
von  Lenk,  64'50  kilogs.  of  undried  cotton  are  necessary  for  100 
kilogs.  of  gun-cotton,  which  corresponds  to  a  yield  of  155.  Sup- 
posing that  the  cotton  contains  6  to  7  per  cent,  of  moisture,  the 
yield  of  dry  cotton  would  have  been  165  to  167  per  cent.  The 
constant  yield  at  Bouchet  when  the  manufacture  had  acquired  a 
certain  regularity  was  166'25  per  cent. 

Without  drawing  from  these  numbers  any  conclusion  respect- 
ing the  theory  of  the  formation  of  gun-cotton,  we  cannot  pass 
over  a  circumstance  so  important  as  that  of  the  virtually  identical 
yield  obtained  in  the  large  establishments  in  question. 

III.  Analysis  of  Gun-cotton. 
The  composition  given  above,  according  to  the  German  che- 
mists, C'^  H^  0^  3N0^,  may  be  considered  as  that  of  a  cellulose 
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in  which  3  equivalents  of  water  are  replaced  by  3  equivalents  of 
nitric  acid,  so  that  General  von  Lenk's  gun-cotton  would  be  a 
trinitrocellulose.  This  is  the  name  by  which  they  have  de- 
scribed it. 

They  have  further  expressed  the  opinion  that  the  pyroxyle 
prepared  with  less  proportions  of  acids,  as  at  Bouchet,  might 
present  a  diflFerent  composition. 

One  of  us  had  determined  in  1847  the  composition  of  gun- 
cotton,  and  had  represented  it  by  the  formula 

C24Hi7oi7  5NO^ 

We  had  therefore  first  to  determine  whether  the  product  then 
investigated  was  different  from  that  of  Lenk's  gun-cotton,  and 
in  case  the  Bouchet  cotton  proved  chemically  identical  with  the 
Lenk  cotton,  what  ought  to  be  its  true  formula. 

We  believe  we  have  bestowed  on  these  researches  the  greatest 
pains,  and  we  think  we  have  overcome  all  the  difficulties  which 
the  combustion  of  gun-cotton  presents.  We  may  at  once  say 
that  we  have  established  the  identity;  chemically  speaking,  of 
the  gun-cotton  of  General  Lenk  and  of  that  from  Bouchet,  and 
we  have  arrived  at  a  formula  only  difl"ering  by  one  equivalent 
of  ivater  from  that  adopted  in  1847. 

The  new  formula, 

C24H18O»8  5N0^ 

corresponds  to  the  following  numbers  : — 


Carbon      .     , 

.     .     25-00 

Hydrogen .     . 

.     .       313 

Oxygen      .     . 

.     .     59-72 

Nitrogen   .     . 

.     .     12-15 

100-00 

It  is  so  close  to  the  old  formula,  C^H'^  O'^oNO'^,  that  analysis 
alone  would  not  have  justified  the  change.  Our  choice  is  based 
on  the  proportion  of  the  yield.  In  fact  the  new  formula  sup- 
poses a  yield  of  177-78  of  gun-cotton  for  100  of  cotton,  while  the 
old  one  merely  corresponds  to  a  yield  of  175.  Our  direct  experi- 
ments, related  previously,  have  led  to  the  number  178. 

All  the  gun-cottons  we  analyzed  were  previously  washed  in  a 
mixture  of  ether  and  alcohol  (which  removed  from  them  some 
thousandths  of  fatty  matters  and  of  soluble  substances),  then 
dried  for  several  hours  in  an  oven  at  a  temperature  between  40° 
and  50°.     All  had  the  same  composition. 

Our  formula, 

C24H18  018  5NO^ 

ought  to  give,  as  gaseous  products  of  the  decomposition  of  gun- 
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cotton  by  oxygen,  carbonic  acid  and  nitrogen  in  the  proportion  of 

Carbonic  acid  coiTcsponding  to  C^^     .     48  volumes 
Nitrogen  corresponding  to  N^  .     .     .     ]  0         „ 

or,  for  100  volumes  of  the  total  gas, 

Carbonic  acid 82*8  volumes 

Nitrogen 17*2       „ 

The  German  formula  should  give 

Carbonic  acid 48  volumes 

Nitrogen 12       „ 

or,  for  100  volumes  of  the  total  gas, 

Carbonic  acid 80  volumes 

Nitrogen 20       „ 

The  difference  in  the  two  proportions  of  nitrogen,  17  per  cent,  in 
the  case  of  our  formula,  20  per  cent,  in  the  case  of  the  German 
formula,  is  sufficient  to  permit  a  choice  between  the  two. 

The  following  are  the  conditions  under  which  we  have  worked. 
Gun-cotton  mixed  with  about  twenty  times  its  weight  of  pure 
oxide  of  copper  was  placed  in  a  green  glass  tube,  and  tapped  so 
that  it  occupied  a  leugth  of  about  20  centimeti-es.  Above  it 
was  placed,  first,  about  an  equal  length  of  coarse  oxide  of  copper, 
and  lastly  of  pure  reduced  copper.  The  gaseous  products  of 
combustions  were  collected  over  mercury  in  graduated  tubes, 
when  a  sufficient  volume  of  gas  had  first  been  rejected.  The 
total  volume  of  gas  suitably  cooled  was  first  noted,  then  the 
carbonic  acid  was  absorbed  by  potash,  and  the  residue  calculated 
as  nitrogen. 

This  combustion  requires  great  care.  There  are  in  fact  two 
dangers — that  of  not  completely  reducing  by  the  copper  the 
nitrous  vapours  arising  from  the  decomposition  of  the  gun-cotton, 
and  that  of  not  completely  changing  into  carbonic  acid  the  car- 
bonic oxide  produced  in  the  same  decomposition.  To  avoid 
them  the  two  columns  of  coarse  and  of  fine  oxide  must  be 
kept  at  redness  throughout  the  duration  of  the  experiment,  and 
the  progress  of  the  decomposition  must  be  so  regulated  that 
the  gases  produced  traverse  these  two  columns  with  extreme 
slowness. 

In  a  great  number  of  analyses,  made  with  our  different  speci- 
mens, we  found  the  numbers  between  17'2  and  17'5. 

We  have  moreover  verified  our  formula  by  weighing  the  nitro- 
gen as  gas.  The  weight  of  gas  is  14*  14  per  cent,  in  the  Ger- 
man formula,  and  12'15  per  cent,  in  ours.  This  difference, 
again,  is  sufficient  to  permit  a  choice  betvveea  the  two  formulas. 

The  analysis  was  made  in  the  following  manner.    At  the  bot- 
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toin  of  a  green  glass  tube  perfectly  pure  carbonate  of  lead  was 
placed^  then  the  mixture  of  a  known  weight  of  gun-cotton  with 
about  fifty  times  its  weight  of  free  oxide  of  copper,  then  coarse 
oxide,  and  lastly  reduced  copper.  The  carbonate  of  lead  was 
heated  so  as  to  expel  the  air  in  the  tube  until  the  disengaged 
gas  was  entirely  absorbed  by  potash.  The  combustion  of  the 
gun-cotton  was  then  made  with  all  the  precautions  mentioned 
above.  On  the  completion  of  the  combustion,  the  tube  was 
swept  out  with  carbonic  acid.  All  the  nitrogen  was  thus 
obtained  in  the  gaseous  state  after  the  absorption  by  potash  of 
the  carbonic  acid  produced. 

In  this  way  we  have  always  obtained  from  12  to  12'4pcr  cent, 
by  weight  for  the  nitrogen ;  and  these  two  determinations  are 
in  perfect  agreement  with  the  formula  which  we  adopt. 

The  German  Report  docs  not  mention  the  conditions  under 
which  the  estimation  of  nitrogen  was  made — a  regrettable  omis- 
sion. We  have  felt  it  necessary  to  allude  to  this,  because  nitrogen 
is  that  one  of  the  elements  which  shows  the  greatest  divergence 
between  the  tw^o  formulae,  and  is  therefore  that  which  ought 
most  certainly  to  exhibit  the  true  one. 

In  our  formula  the  hydrogen  corresponds  to  3'13,  and  in  the 
German  one  to  2"36.  We  have  found  numbers  between  3'10 
and  3*30.  The  German  chemists  have  many  times  mentioned 
2'8, — a  number  which,  although  inexact,  is  nearer  our  formula 
than  theirs. 

As  to  the  carbon,  we  found  24*75  and  25  per  cent. ;  but  as  it 
only  differs  in  the  two  formulae  by  about  0*008,  it  is  less  fitted 
than  the  other  elements  of  gun-cotton  for  the  control  of  its 
composition.  "We  may,  however,  remark  that  in  this  point 
again  the  analyses  in  the  Austrian  Note  give  numbers  as  near 
one  as  the  other  formula ;  there  is  even  an  analysis  in  which  the 
carbon  agrees  perfectly  with  ours. 

In  fine,  both  the  gun-cottons  manufactured  under  the  condi- 
tions we  have  mentioned — those  of  General  Lenk,  like  the 
Bouchet  ones — have  the  same  composition,  corresponding  to 
the  formula 

C24Hi8  0i8  5NO^ 
and  not  to  the  formula 

C12  pp  07  3N0^ 

IV.   Action  of  Heat  on  Gun-cotton. 

General  von  Lenk  attributes  the  bad  results  obtained  in 
France  by  the  Commission  of  1846,  to  the  circumstance  that 
sufficient  attention  had  not  been  bestowed  on  the  preparation  of 
the  gun-cotton,  and  that  a  definite  and  adequately  nitrated  com- 
pound had  not  been  taken.     He  therefore  works  under  condi- 
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tions  which  lic  considers  favourable  to  nitration,  and  thinks  he 
has  obtained  a  gun-cotton  which  offers  great  resistance  to  de- 
composition. 

Wc  shall  not  discuss  the  theoretical  value  of  this  assertion, 
but  it  seems  inadmissible.  It  is,  on  the  contrary,  probable  that 
a  gun-cotton  would  decompose  the  more  easily  the  further  it 
varied  from  the  type  cellulose,  and  therefore  the  more  nitrated. 
In  any  case  General  von  Lenk  asserts  that  the  gun-cotton  made 
by  his  method  explodes  at  a  temperature  of  136°  C,  and  resists 
any  lower  temperature.  This  is  an  important  point  in  the  dis- 
cussion, and  one  which  wc  have  made  the  object  of  numerous 
experiments. 

These  experiments  were  first  made  with  assay  flasks,  closed  or 
not,  which  were  immersed  in  a  bath  of  boiling  water. 

All  the  specimens  thus  heated  to  100**  were  decomposed  in 
a  longer  or  shorter  time,  and  a  few  minutes  were  sufficient  in  all 
cases  to  exhibit  a  disengagement  of  nitrous  vapour. 

The  decomposition  takes  place  in  various  different  w^ays,  which 
cannot  be  reproduced  at  will. 

Four  different  modes  of  decomposition  at  a  temperature  of  100° 
may  be  noted,  each  characterized  by  the  disengagement  of  ni- 
trous fumes. 

1.  The  gun-cotton  detonates  violently. 

2.  It  decomposes  without  detonation,  leaving  a  white  pulve- 
rulent residue,  which  is  acid,  quite  soluble  in  water,  and  con- 
tains no  nitrogen  ;  it  forms  about  half  the  weight  of  the  gun- 
cotton. 

3.  It  leaves  a  yellow  amorphous  inexplosive  residue,  partially 
soluble  in  watei*,  and  reducing  tartrate  of  copper  and  potass 
like  grape-sugar. 

4.  It  gives  a  slight  residue,  about  8  to  10  per  cent,  of  its 
weight,  of  a  black  substance,  like  carbon.  In  this  case  the  flask 
is  entirely  lined  with  a  yellow  powder,  which  dissolves  com- 
pletely in  the  alkalies  with  a  considerable  disengagement  of 
ammonia.  (This  seemed  to  be  ulmate  of  ammonia.)  Acids  pre- 
cipitate from  this  solution  a  dirty  yellow  substance  which  is 
also  soluble  in  alkalies.  The  carbonaceous  residue  itself,  though 
it  is  little  altered,  disengages  ammonia  when  treated  with  potass. 
This  production  of  ammonia  by  the  mere  action  of  heat  on  a 
substance  formed  of  nitric  acid  and  ammonia  is  a  remarkable 
fact. 

Other  experiments,  made  on  various  gun-cottons  at  tempera- 
tures of  90°  and  then  at  80°,  gave  exactly  the  same  results, 
except  that  the  phenomena  of  decomposition,  instead  of  appear- 
ing after  a  few  minutes,  only  showed  themselves  after  some  hours. 

At  GO'^   and  even  at  55°  gun-cotton  is  decomposed.    After 
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the  lapse  of  some  days  the  flask  was  seen  to  fill  with  thick  red 
vapours ;  and  the  same  pulverulent,  non-nitrogenized  residue  of 
which  we  have  spoken  was  obtained.  No  ignition  was  observed 
in  these  latter  experiments. 

We  may  also  mention  a  decomposition  which  one  of  us  ob- 
served when  about  a  gramme  of  gun-cotton  was  placed  in  a  Gay- 
Lussac^s  hot-air  bath  containing  oil,  the  temperature  of  which 
was  only  47°.  The  gun-cotton  thus  decomposed  came  from  a 
specimen  prepared  by  an  immersion  of  forty-eight  hours,  and 
soaked  by  the  Lenk  method.  The  detonation,  which  was  very 
brisk,  was  exhibited  immediately  after  the  gun-cotton  had  been 
placed  in  contact  with  the  metal. 

This  fact  recalls  another,  quoted  in  an  Austrian  report — the 
explosion  of  a  specimen  at  a  temperature  of  69°.  General 
von  Lenk  attributed  this  explosion  to  sulphuric  and  perhaps 
nitric  acid  remaining  in  the  gun-cotton.  Yet  our  explosion, 
observed  at  a  lower  temperature,  was  not  caused  by  the  presence 
of  these  acids. 

We  dwell  upon  this  detonation  at  47°,  because  this  heat  may 
be  attained  and  even  exceeded  by  the  action  of  the  solar  rays. 

In  fact  at  the  Bouchet  powder-mills,  that  is,  in  a  country 
with  a  mean  climate,  a  temperature  of  69°  was  observed  in 
masses  of  cotton  placed  in  the  sun  on  drying-cloths. 

The  preceding  experiments  show  incontestably  that,  contrary 
to  General  von  Lenk's  assertion,  his  gun-cotton  resists  the  action 
of  heat  no  better  than  the  Bouchet.  In  all  these  cases  the  sili- 
cated  Austrian  gun-cotton  behaved  in  the  same  manner  as  ours. 

With  these  facts,  of  decomposition  produced  at  temperatures 
near  50°,  it  may  be  asked  if  gun-cotton  does  not  decompose 
even  at  ordinary  temperatures.  Is  it  susceptible  therefore  of 
detonating  spontaneously  when  kept  in  considerable  masses  in 
magazines  ? 

Many  chemists  have  quoted  examples  of  the  decomposition  of 
gun-cotton  at  the  ordinary  temperature.  They  have  generally 
noted  as  products  of  this  decomposition  nitrous  vapours,  highly 
oxidized  substances  such  as  formic,  oxalic,  and  acetic  acids,  and 
as  residue  gummy  or  saccharine  substances.  These  instances 
of  the  alteration  of  gun-cotton  at  the  ordinary  temperature,  it 
has  been  attempted  to  ascribe  to  acids  left  in  the  gun-cotton  by 
imperfect  washing. 

It  is  first  to  be  observed  that  washings  are  easy  with  small 
quantities  of  substance.  Then,  as  was  known  from  the  first, 
sulphuric  acid  exerts  a  destructive  action  on  gun-cotton,  and  it 
is  evident  that  great  care  must  have  been  taken  to  remove  the 
least  traces,  and  therefore  the  washings  must  have  been  made 
with  the  greatest  care. 
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Without  detailing  the  known  cases  of  decomposition  of  gun- 
cotton  at  the  tempei'ature  of  the  places  in  which  it  was  preserved, 
we  shall  limit  ourselves  to  speaking  of  decompositions  which  we 
have  observed  in  specimens  of  the  manufacture  of  1847,  which 
had  been  washed  with  special  care,  either  with  pure  or  with 
alkaline  water. 

Of  twenty-eight  specimens  less  than  a  few  grammes  in  weight 
placed  in  a  small  stoppered  bottle,  sixteen  had  undergone  various 
alterations. 

We  took  at  random  one  of  the  altered  specimens  for  ex- 
amination. This  specimen  consisted  originally  of  6  grammes  of 
gun-cotton  which  had  been  washed  with  potash  and  left  from 
the  17th  of  March  1850  (14  years)  in  a  stoppered  bottle  imper- 
fectly closed.  It  had  left  a  residue  of  79  per  cent,,  of  a  deep 
yellow  colour,  strongly  acid,  but  without  sulphuric  acid.  This 
residue  dissolved  completely  in  water,  and,  like  grape-sugar,  re- 
duced potassio-tartrate  of  copper.  Its  boiling  solution  emitted 
a  fresh  acetous  odour,  and,  remarkably  enough,  it  disengaged 
ammonia  under  the  action  of  potass. 

Hence,  under  ordinary  atmospheric  conditions,  there  are  in- 
dubitable instances  of  spontaneous  alterations  of  gun-cotton, 
and  what  is  more,  of  a  gun-cotton  washed  with  alkaline  water. 

But  we  have  seen  that,  when  warm,  gun-cotton  decomposes  in 
four  different  ways,  that  in  certain  cases  it  detonates,  and  that 
in  others,  apparently  identical,  it  is  destroyed  without  inflamma- 
tion. Why  should  it  not  be  so  with  gun-cotton  kept  at  low 
temperatures  ?  Why  in  the  case  of  simple  decomposition  at 
ordinary  temperatures  may  not  cases  of  detonation  also  occur  ? 
The  analogy  is  too  evident  to  oblige  us  to  resort  to  the  supposi- 
tion of  bad  washings  to  explain  the  explosions  of  gun-cotton. 

We  admit  that  a  badly  washed  gun-cotton  is  more  exposed  to 
decomposition  than  a  well-prepared  gun-cotton.  But  seeing  the 
facility  with  which  all  specimens  of  gun-cotton,  of  whatever 
origin,  decompose  at  60°,  and  especially  seeing  that  half  the 
specimens  kept  by  one  of  us  under  exceptionally  favourable  cir- 
cumstances have  decomposed,  it  is  right  to  conclude  that  the 
storing  of  large  quantities  of  gun-cotton  ofiers  terrible  chances 
of  explosion. 

Can  we  conclude,  with  General  von  Lenk,  that  explosions  are 
impossible,  or  at  any  rate  very  improbable,  because  he  kept  for 
a  dozen  years  without  alteration  large  quantities  of  gun-cotton  ? 
To  do  so  we  must  neglect  the  explosion  in  Austria,  near  Sim- 
mering, which,  as  we  have  already  said,  could  only  be  explained 
by  a  spontaneou^s  inflammation  of  gun-cotton. 

The  best-washed  gun-cotton,  that  of  General  von  Lenk,  be- 
comes acid  by  lengthened  exposure  to  the  sun.  A  gun-cotton 
originally  alkaline,  exposed  thus  to  the  action  of  the  light  for  a 
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few  weclcs  in  a  glass  vessel  (that  isj  in  contact  with  sides  which 
have  alkaline  tendencies),  gives  an  acid  reaction. 

In  darkness  even  this  acidification  is  finally  infallibly  pro- 
duced ;  and  we  have  seen  specimens  of  gun-cotton  which,  after 
being  passed  through  alkaline  solutions,  and  then  kept  in  closed 
boxes  for  several  years,  finished  by  corroding  the  paper  which 
enclosed  them. 

Jlence  in  gun-cotton  submitted  to  the  action  of  air  and  light, 
or  even  kept  in  the  dark,  tlrere  is  a  conunencement  of  alteration. 
This  alteration,  very  feeble  at  the  beginning,  may  last  several 
years  without  increasing  or  presenting  any  inconvenience;  but 
suddenly,  and  without  perceptible  cause,  it  may  develope  and 
cause  an  increase  of  temperature  which  produces  a  detonation. 
When  gun-cotton  is  seen  to  alter  and  become  quite  soluble  by 
a  long  exposure  to  diffused  light,  we  cannot  refuse  to  admit  the 
])0ssibility  of  a  decomposition  accompanied  by  detonation ;  for 
detonation  in  the  case  of  so  unstable  a  substance  must  be  very 
near  decomposition. 

It  has  been  desired  to  attribute  the  cases  of  spontaneous  de- 
composition, especially  in  France,  to  the  fact  of  the  cotton  not 
having  had  a  sufficiently  long  nor  sufficiently  energetic  impreg- 
nation with  the  sul])huric  and  nitric  acids. 

We  cannot  admit  this  opinion,  after  having  observed  similar 
eff'ects  of  the  action  of  temperatures  of  100°,  80°,  G0°,  and  55° 
on  the  Bouchet  gun-cottons  steeped  for  an  hour,  and  on  General 
von  Lenk^s  steeped  for  forty-eight  hours.  We  are  inclined,  on 
the  contrary,  to  think  that  the  gun-cotton  prepared  with  large 
quantities  of  very  concentrated  acids,  and  by  prolonging  the 
duration  of  immersion,  is  more  subject  to  spontaneous  inflam- 
mation. 

V.   Comparison  of  the  Lenk  and  Bouchet  Gun-cottons  as  regards 
their  ballistic  and  burstinr/  properties. 

We  have  now  to  make  known  the  results  of  trials  made  with 
the  ballistic  pendulum,  to  compare  the  two  kinds  of  gun-cotton 
as  regards  their  ballistic  power. 

Twenty-five  shots  were  fired  with  the  Lenk  cotton,  fifteen 
with  the  Bouchet  cottons,  with  a  charge  of  3  grammes,  and  with 
round  balls  weighing  25*50  grms. 

Taking  for  each  set  the  mean  velocity  of  the  balls,  then  the 

strongest,  and  then  the  weakest  shot,  we  found — 

Gun-cottons. 

, -^ ^ 

Lenk.  Bouchet. 

m.  m. 

Mean  velocity    .     .     385-36  394-3.2 

Strongest  shot    .     .     441-53  445-94 

Weakest  shot     .     .     357-63  357-63 
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In  the  discharge  of  the  same  specimen  of  powder  greater  dif- 
ferences than  the  above  are  met  with.  For  instance,  the  gun- 
cotton  brought  by  General  von  Lenk  from  Austria  was  fired 
twice.     It  gave —  m. 

The  17th  February 374-40 

The  8th  ]\Iarch 408-40 

From  these  results  we  think  we  may  conclude  that  both  the 
Lenk  and  the  Bouchet  gun-cottons  have  the  same  ballistic  force. 

For  these  experiments  the  charge  of  gun-cotton  occupied  a 
length  of  5  centimetres  in  the  barrel.  It  was  proposed  to  try 
it  again  by  ramming  it  more  strongly,  and  thus  reducing  the 
length  to  3  centimetres ;  but  on  the  first  round  with  this  form 
of  charge,  and  with  3  grammes  of  gun-cotton  made  at  Paris 
by  General  von  Lenk^s  method,  the  cannon  burst. 

This  fact  is  analogous  to  that  \vhich  has  several  times  been 
observed  in  firing  the  Bouchet  gun-cotton.  We  find  in  it  a 
proof  of  the  resemblance  of  the  Austrian  and  the  French  gun- 
cottons,  as  regards  their  bursting  effects. 

We  shall  not  revert  to  all  the  attempts  of  the  Commission  of 
1846  to  remedy  this  inconvenience  of  the  too  i-apid  combustion 
of  gun-cotton,  but  we  may  speak  of  those  made  with  the  same 
view  by  General  von  Lenk. 

Heat  first  used  pressed  cartridges,  which  did  not  succeed;  in 
one  of  the  Notes  which  he  has  communicated  to  us,  we  read  that 
a  bronze  gun  charged  with  such  a  cartridge  was  rendered  useless 
by  the  second  round. 

The  cartridges  which  appear  most  to  diminish  the  bursting 
effect  of  gun-cutton  on  the  sides  of  the  arms  are  those  made  of 
paper  cylinders  covered  with  woven  gun-cotton,  and  which  he 
calls  elongated  cartridges  [cartouches  allongces). 

According  to  the  same  Note,  by  means  of  these  latter  car- 
tridges, a  thousand  rounds  of  about  481  gi-ammes  each  were 
fired  from  a  twelve-pounder  [piece  a  douse),  giving  a  velocity  of 
437  metres,  and  without  injuring  the  barrel. 

But  this  velocity,  at  which  the  experiments  in  question  stopped, 
is  less  than  the  velocity  of  480  metres  obtained  in  France  with 
the  same  description  of  gun  and  a  charge  of  2  kilogrammes 
of  ordinary  powder.  This  latter  velocity  the  Commission  of 
1846  desired  when  it  used  667  grammes  of  gun-cotton;  but  it 
has  not  been  shown  that  the  cartridges  of  the  Lenk  system 
would  not  be  injurious  to  fire-arms  if  the  quantity  of  gun-cotton 
were  increased  so  as  to  obtain  the  same  velocity  as  in  France. 

Further,  the  author  of  one  of  the  Austrian  Reports  admits  that 
the  desired  result  has  not  yet  been  attained,  and  that  the  mecha- 
nical means  employed  to  prevent  the  gun-cotton  from  exercising 
its  destructive  effects  neutralize  part  of  its  propulsive  force.    He 
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arrives  at  the  conclusion  that  the  problem  will  only  he  solved 
when  cannon  have  been  made  so  strong  that  the  destructive  effect 
may  be  neglected.  This  is  our  opinion  also  ;  but  it  is  impossible 
to  enter  on  this  path  when  we  are  stopped  by  the  objection  of 
spontaneous  explosion,  which,  we  think,  rules  the  entire  question. 

VI.  Summary. 

In  spite  of  the  differences  existing  between  the  method  of  Ge- 
neral von  Lenk  and  that  followed  for  seven  years  at  the  Bouchet 
powder-works,  the  same  gun-cotton  is  obtained  in  both  cases, 
except  as  regards  2  per  cent,  of  a  silicate,  which  is  found  in  the 
gun-cotton  taken  as  a  type  of  the  Hirtcnberg  manufacture. 

This  silicate  was  not  met  with  in  the  gun-cotton  proceeding 
from  an  English  manufacture  established  on  the  pattern  of  the 
Hirtenberg  one.  In  none  of  our  experiments  did  it  exert  any 
appreciable  influence  on  the  properties  of  gun-cotton;  its  addition 
appeared  therefore  useless. 

Neglecting  this  inert  substance,  all  the  gun-cottons  we  ana- 
lyzed, Austrian,  English  and  French,  presented  the  same  per- 
centage composition. 

German  chemists  having  adopted  a  formula  for  General  von 
LenVs  cotton  which  does  not  agree  with  our  analyses,  we  re- 
peated them  a  great  number  of  times,  and  compared  them,  so 
as  to  retain  no  doubt  about  our  new  formula. 

Another  passage  of  their  Report  gives  136°  as  the  lowest 
temperature  at  which  the  Hirtenl)erg  gun-cotton  explodes.  This 
is  a  point  in  which  our  experiments  compel  us  to  differ  from 
them.  In  fact,  this  gun-cotton,  like  the  Bouchet,  produced 
several  explosions  at  a  temperature  of  100°.  Once,  even,  gun- 
cotton  made  at  Paris  by  the  Lenk  method,  and  perfectly  washed, 
exploded  at  47°. 

By  sufficiently  prolonging  the  action  of  a  temperature  of  80°, 
60°,  and  55°,  we  have  observed  decompositions  of  the  same 
kind  in  the  Austrian  and  in  the  French  gun-cotton. 

From  this  we  are  convinced  that  with  time  the  first  must  un- 
dergo the  same  decompositions  as  the  second. 

Of  twenty-eight  specimens  of  the  Bouchet  manufacture  which 
we  have  examined  after  a  lapse  of  seventeen  years,  sixteen  had 
decomposed  at  the  ordinary  temperature.  This  explains  the 
spontaneous  combustions  in  consequence  of  the  elevation  of 
temperature  which  must  take  place  in  large  masses. 

We  have  observed  the  same  ballistic  force  in  the  two  kinds  of 
gun-cotton. 

The  bursting  property  which  led  to  the  rejection  of  gun-cotton 
in  the  French  artillery,  appears  to  be  as  energetic  in  the  case  of 
the  Austrian  gun-cotton. 
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This  property  may  in  any  case  be  diminished  by  using  special 
cartridges,  consisting  of  paper  cylinders  covered  with  woven 
gun-cotton ;  but  in  experiments  made  in  Austria  with  twelve- 
pounders,  a  less  initial  velocity  was  reached  than  was  desired 
in  France. 

Moreover  an  opinion  opposed  to  the  use  of  gun-cotton  pre- 
vails now  in  Austria ;  for  the  special  form  of  artillery  which  had 
been  created  for  its  employment  has  been  there  given  up. 


LXV.  Researches  into  the  Thermal  Phenomena  of  Voltameters, 
and  Measurement  of  the  quantities  of  Heat  absorbed  hi  Electro- 
chemical Decompositions o     By  F.  M.  Raoult*. 

THE  method  employed  in  these  researches  is  founded  upon 
theorems  relative  to  electromotive  forces  which  have  been 
recently  published  in  the  Annales  de  Chimie  et  de  Physique  (4th 
series,  vol.  ii.  p.  317,  July  1864). 

The  voltameter  is  placed  inside  a  mercurial  calorimeter,  and  is 
traversed  by  the  current  i  of  a  Daniell's  battery,  P.  In  the 
course  of  this  current  there  is  a  sine-compass  A,  which  has  two 
turns  of  a  thick  wire.  Another  sine-compass,  Bj  with  a  very 
long  and  very  thin  wire  (length  3600  metres,  diameter  0"1  mil- 
limetre), is  connected  with  the  electrodes  of  the  voltameter,  and 
is  traversed  by  an  exceedingly  feeble  derived  current  e,  negligible 
in  compai'ison  with  the  principal  current  i. 

Let  23,900  be  the  heat  evolved  by  the  current  of  a  Daniell's 
cell,  of  unit  strength,  during  the  reduction  of  1  equivalent 
of  copper  t; 

31*6  grammes  the  equivalent  of  copper  (H  =  1  gramme) ; 
T,  the  heat  evolved  in  the  voltameter; 
p,  the  weight  of  copper  reduced,  in  one  element  of  the  bat- 
tery P,  during  the  electrolysis ; 
e,  the  intensity  of  the  derived  current  in  the  sine-compass 

with  long  wire  B  ; 
c?,  the  intensity  of  the  current  which  a  unit  Daniell's  ele- 
ment produces  in  the  same  compass  B ; 
/,  the  intensity  of  the  current  i)roduced  in  the  same  com- 
pass B,  by  an  element  whose  electromotive  force  is  equal 
to  that  of  the  voltameter. 
e,  d,  and /measure  respectively  the  electromotive  forces  of  the 
compound  battery,  of  a  Daniell's  element,  and  of  the  voltameter. 
e  varies  usually  by  nearly  yi^  in  the  course  of  an  experiment : 
as  the  variation  takes  place  uniformly,  the  value  of  e  introduced 

*  Comptes  Rendus,  vol.  lix.  ]).  521  (September  19,  1864). 

t  Comptes  Rendus,  Sept.  14, 18G3.    [Phil.  Mag.  S.  4.  vol.  xxvi,  p,  522.] 
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into  the  formulae  is  that  taken  at  the  middle  of  the  time,  d  is 
measured  by  the  method  of  opposition ;  f  by  the  method  of  alter- 
nate circuits^,  after  a  sufficient  number  of  elements  have  been 
added  to  the  battery  to  make  the  intermittent  current  transmitted 
by  the  commutator  equal  to  the  primitive  continuous  current  i. 

An  element  x,  without  resistance,  capable  of  producing  in  the 
voltameter  the  same  current  i  as  that  of  the  battery  V,  would 
give,  in  the  sine-compass  with  long  wire  B,  a  current  of  the  inten- 
sity e  —f  (for  the  demonstration  see  the  complete  memoir) .  The 
electromotive  force  of  the  element  x,  compared  with  that  of  a 

Daniell's  element,  is  therefore  — —-,  Now  since  the  quantity  of 
voltaic  heat  evolved  in  the  entire  circuit,  for  the  same  fraction 
^%7T  of  electricity  transmitted,  is  proportional  to  the  electromo- 
tive force,  it  follows  that  the  heat  evolved  in  the  voltameter,  by 
reason  of  its  resistance,  is 

^=?p^33900x3£j; M 

Such  is  the  quantity  of  heat  which  would  be  evolved  during  the 
experiment  in  a  metallic  conductor  of  equal  resistance  with  the 
voltameter. 

This  quantity  t,  contrary  to  what  has  been  hitherto  asserted, 
is  always  less  than  T.     The  difference  T— ^  represents,  for  the 

fraction  ^—  of  an  equivalent  of  electricity  transmitted,  the 

heat  furnished  to  the  calorimeter  by  a  local  action.  The  local 
heat  K,  evolved  in  the  voltameter  for  1  equivalent  of  electricity 
transmitted,  or  of  substance  decomposed,  is  therefore 

(T-/)— , 
p 

or 

K  =  Tx^-^/  239000.    .     .     .     (yS) 

The  inverse  electromotive  force /of  the  voltameter  diminishes, 
by /x  239000  thermal  units,  the  heat  which  the  current  i  pro- 
duces in  the  circuit  for  1  equivalent  of  electricity  transmitted. 
{Cotnptes  Rendus,  Uth  September,  1863  [Phil. Mag.  loc.cit.']) 

The  sum  X  of  the  calorific  effects,  positive  or  negative,  pro- 

*  The  method  of  opposition  and  that  of  alternate  circuits,  which  were 
devised  by  myself,  were  communicated  to  the  Academic  des  Sciences  on 
the  21st  of  February,  1859,  and  are  described  in  the  Annates  de  Chimie  et 
de  P/iysique,  4th  series,  vol.  ii.  pp.  321  and  326. 
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duccd  by  tlio  voltameter  during  the  decomposition  of  1  equiva- 
lent of  substance  is  therefore 

-X= -/x  239000 +  K, 
or 

X=^x23900O-Tx^^ (7) 

a  p  ^" 

My  research  is  divided  into  two  parts. 

In  the  first  part  I  give  an  experimental  demonstration  of  the 
formulae  (a),  (/3),  and  (7),  and  I  establish  the  laws,  hitherto 
misconceived,  which  regulate  the  development  of  heat  in  volta- 
meters. The  experiments  related  to  sulphate  of  copper  and 
acidulated  water ;  they  led  to  the  following  conclusion  :— 

"A  voltameter  introduced  into  the  circuit  of  a  battery  weakens 
the  electromotive  force,  and  thus  destroys  in  the  complete  circuit 
a  quantity  of  heat  which  is  always  greater  than  what  is  re- 
quired for  the  decomposition  effected.  The  excess  varies  accord- 
ing to  circumstances ;  but  in  every  case  a  secondary  action  takes 
place  at  the  electrodes,  whereby  a  quantity  of  heat  is  imparted 
to  the  voltameter  equal  to  the  excess  of  heat  destroyed.  And, 
finally,  the  sum  of  the  various  calorific  effects  of  the  voltameter 
is  equal  to  the  heat  absorbed  by  the  decomposition  which  goes 
on  within  it.^^ 

This  effect  can  be  explained  if  we  suppose  that  the  substances 
first  formed  at  the  electrodes,  and  which  cause  the  polarization, 
are  unstable  compounds  which,  like  binoxide  of  hydrogen,  evolve 
heat  by  their  decomposition. 

In  the  second  part  I  have  determined,  according  to  equation 
(7),  the  quantities  of  heat,  X,  absorbed  by  the  decomposition  of 
1  equivalent  of  sulphate  of  copper,  of  water,  of  cupric  chloride, 
and  of  hydrochloric  acid. 

In  these  experiments  it  is  essential  to  avoid  the  local  recom- 
bination of  the  gases  in  the  voltameter.  To  effect  this,  the  posi- 
tive electrode  is  placed  inside  a  small  closed  pipe-bowl,  luted 
with  wax  to  the  end  of  a  thin  glass  tube  of  equal  diameter, 
whereby  the  oxygen  or  chlorine  liberated  is  conducted  out  of  the 
apparatus. 

For  the  electrolysis  of  chlorides,  a  rod  of  retort-carbon,  dip- 
ping into  hydrochloric  acid  saturated  with  chlorine,  is  used  as 
the  positive  pole. 

The  following  Table  gives  the  mean  of  the  results  obtained, 
compared  with  the  calorific  equivalents  of  the  same  substances 
in  a  state  of  solution,  determined  by  Favre  and  Silbermann  and 
by  myself  [Comptes  Renclus,  July  4,  1864). 
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Heat  X 
absorbed  by 
decompo- 
8ition. 

Heat  evolved  by  combina- 
tion. 

Raoult. 

Favre  and 
Silbermann. 

Water 

-33803 
-29895 
-33859 
-28371 

35200 
29500 

34462 
29605 
40192 
34500 

Sulphate  of  copper    

Hydrochloric  acid  (dilute)    ... 
Cupric  chloride 

Observations. 

Water. — The  number  —33803  is  the  mean  of  the  results, 
agreeing  within  ^'y,  obtained  with  water  containing  sulphuric 
acid  or  soda. 

Sulphate  of  Copper. — The  sulphate  of  copper  employed  was 
acidulated  beforehand  with  y^th  of  sulphuric  acid,  in  order  that 
its  conductivity  might  not  alter  duriug  the  experiment. 

Hydrochloric  Add. — The  acid  employed  was  of  such  a  strength 
that  it  decomposed  exactly  into  hydrogen  and  chlorine,  but 
nevertheless  evolved  no  heat  when  mixed  with  water.  The 
concentrated  acid  gives  a  lower  number ;  but  if  the  heat  which 
this  acid  evolves  by  combination  with  excess  of  water  is  added 
to  the  result,  it  makes  up  very  nearly  the  mean  value  33859. 

Cupric  Chloride. — As  this  compound  is  converted  into  sub- 
chloride  of  copper  in  contact  with  the  negative  pole,  it  could 
not  be  employed.  The  difficulty  was  got  over  by  putting  acidu- 
lated sulphate  of  copper  on  the  side  of  the  negative  electrode, 
and  hydrochloric  acid  saturated  with  chlorine  on  the  side  of  the 
positive  electrode.  According  to  the  law  of  moduli,  the  quan- 
tity of  heat  (28371)  destroyed  by  this  voltameter  ought  to  be 
that  which  corresponds  to  the  decomposition  of  chloride  of  cop- 
per, CuCl. 


LXVI.  Note  on  Bay-Transmutation.     By  Dr.  C.  K.  Akin.* 

IN  a  communication  made  by  Prof.  Tyndall  to  the  (last) 
November  Number  of  the  Philosophical  Magazine,  entitled 
"  On  Luminous  and  Obscure  Radiation,^^  the  following  sentences 
occur : — "  Dr.  Akin  inferred  from  the  paucity  of  luminous  rays 
evident  to  the  eye,  and  a  like  paucity  of  extra-violet  rays,  as 
proved  by  the  experiments  of  Dr.  Miller,  that  the  radiation  from 
a  flame  of  hydrogen  must  be  mainly  extra-red  ;  and  he  con- 
cluded from  this  that  the  glowing  of  a  platinum  wire  in  a  hy- 
drogen-flame, as  also  the  brightness  of  the  Drummond  light  in 

*  Communicated  bv  the  Author. 
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the  oxyhydrogen-flame,  was  produced  by  a  change  in  the  period 
of  vibration.  By  a  different  mode  of  reasoning  T  arrived  at  the 
same  conclusion  myself,  and  published  the  conclusion  subse- 
quently/' The  reference  appended  to  the  last  sentence  is  to  "Phil. 
Trans,  vol.  cliv.  p.  327."  The  following  passage  is  taken  from  a 
paper  read  before  the  Royal  Society  by  Prof.  Tyndall  on  March 
17,  1864,  and  will  be  found  in  the  place  indicated,  at  p.  360 : — 

"  Professor  Stokes  has  demonstrated  that  a  change  of  period  is 
possible  to  those  rays  which  belong  to  the  violet  and  extra-violet  end 
of  the  spectrum,  the  change  showing  itself  by  a  degradation  of  the 
refrangibility.  That  is  to  say,  vibrations  of  a  rapid  period  are  ab- 
sorbed, and  the  absorbing  substance  has  become  the  source  of  vibra- 
tions of  a  longer  period.  Efforts,  I  believe,  have  been  made  to 
obtain  an  analogous  result  at  the  red  end  of  the  spectrum,  but  hitherto 
without  result ;  and  it  has  been  considered  improbable  that  a  change 
of  period  can  occur  which  should  raise  the  refrangibility  of  the  light 
or  heat.  Such  a  change,  I  believe,  occurs  when  we  plunge  a  plati- 
num wire  into  a  hydrogen-flame.  The  platinum  is  rendered  white 
by  the  collision  of  molecules  whose  periods  of  oscillation  are  incom- 
petent to  excite  vision.  There  is  in  this  common  experiment  an 
actual  breaking  up  of  the  long  periods  into  short  ones — -a  true  ren- 
dering of  unvisual  periods  visual.  The  change  of  refrangibility  dif- 
fers from  that  of  Professor  Stokes,  firstly,  in  its  being  in  the  oppo- 
site direction — that  is,  from  low  to  high  ;  and  secondly,  in  the  cir- 
cumstance that  the  platinum  is  heated  by  the  collision  of  the  mole- 
cules of  aqueous  vapour,  and  before  their  heat  has  assumed  the 
radiant  form.  But  it  cannot  be  doubted  that  the  same  effect  would 
be  produced  by  radiant  heat  of  the  same  period,  provided  the  motion 
of  the  aether  could  be  rfiised  to  a  sufficient  intensity.  The  effect  in 
principle  is  the  same,  whether  we  consider  the  platinum  wire  to  be 
struck  by  a  particle  of  aqueous  vapour  oscillating  at  a  certain  rate, 
or  by  a  particle  of  aether  oscillating  at  the  same  rate.  And  thus,  I 
imagine,  by  a  chain  of  rigid  reasoning,  we  arrive  at  the  conclusion 
that  a  degree  of  incandescence,  equal  to  that  of  the  sun  itself,  might 
be  produced  by  the  impact  of  waves,  of  themselves  incompetent  to 
excite  vision  "  *. 

1 .  The  important  parts  of  the  above  passage  are  the  two  couples 
of  sentences,  the  one  beginning  with  the  words  "  The  platinum  is 
rendered  white,"  and  concluding  with  "  unvisual  periods  visual ;  " 
and  the  other  beginning  with  the  words  "But  it  cannot  be 
doubted,"  and  concluding  with  "  at  the  same  rate."  The  first 
two  sentences  in  this  "  chain  of  reasoning  "  ai'e  "  different " 

*  To  this  passage  the  following  footnote  is  appended  : — "  Some  time  after 
this  was  written  I  learned  that  Dr.  Akin  had  previously  inferred,  from  the 
paucity  of  luminous  and  extra-violet  rays  in  the  hydrogen-flame,  that  its 
periods  must  be  extra-red.  And  he  deduced  from  this  that  the  heating  of 
a  platinum  wire  in  a  hydrogen-flame  must  consist  of  a  change  of  period. 
A  .  .  .  communication  from  Dr.  Akin  on  this  and  kmdred  subjects  will  be 
found  in  the  '  Reader  '  for  the  26th  of  September,  1863. — April  5,  1864. 
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from  the  corresponding  parts  of  my  o'.vn  reasonings,  in  the  same 
sense  as  two  separate  links  of  a  chain  are  different  from  the  same 
links  when  held  together  by  a  third,  connecting  link.  Prof. 
Tyndall  states  that  the  i)latinum  is  rendered  "white"  by  oscil- 
lations which  are  invisible;  and  he  hence  concludes  at  once 
that  there  is  a  "breaking  up  of  long  periods  into  short  ones." 
This,  however,  is  simply  a  non-sequitur.  I  founded  my  own 
conclusions  concerning  the  origin  of  lime-light,  &c.,  upon  the 
evident  deficiency  of  the  oxyhydrogcn-tlame  in  Newtonic  or 
luminous  rays,  and  upon  its  probable  poverty  in  Ritteric  or  so- 
called  chemical  rays,  as  compared  with  liuie-light.  And  what  I 
had  thus  at  first  but  conjectured,  regarding  the  Ritteric  rays,  was 
soon  after  corroborated  by  I'rof.  W.  A.  Miller's  experiments  on 
the  comparative  photographic  effects  of  the  oxyhydrogen-flame 
in  its  pure  state,  and  of  lime-light  produced  by  the  oxyhy- 
drogen  jet*. 

2.  Before  adverting  to  the  second,  principal  part  of  Professor 
Tyndall's  argument,  a  word  or  two  may  be  ajiposite  regarding 
his  intermediate  statements.  The  change  of  refrangibility  which 
takes  place  in  the  oxyhydrogen-flanie  by  the  introduction  of 
lime,  or  in  the  simple  hydrogen-flame  by  the  introduction  of 
platinum,  according  to  Prof.  Tyndall,  differs  from  that  taking 
place  in  fluorescence  "in  its  being  in  the  opposite  direction."  This, 
as  shown.  Prof.  Tyndall's  reasoning  docs  not  prove.  He  states 
also  that  the  platinum  is  "  heated  by  the  collision  of  the  molecules 
of  aqueous  vapour,  and  before  their  heat  has  assumed  the  radiant 
form."  I  expressed  the  same  idea  by  saying  that  the  act  of 
transmutation,  in  the  case  of  lime-light,  took  place  "in  statu 
nascenti,  as  it  were,"  of  the  raysf. 

3.  The  concluding  part  of  Prof.  Tyndall's  induction  affirms 
that  "  the  effect  in  principle  is  the  same,  whether  we  consider 
the  platinum  wire  to  be  struck  by  a  particle  of  aqueous  vapour 
oscillating  at  a  certain  rate,  or  by  a  particle  of  asther  oscillating 
at  the  same  rate."  In  our  present  ignorance  concerning  the 
mode  in  which  material  particles  act  upon  each  other,  or  of  the 
real  constitution  of  fether,  an  assertion  like  the  above  will  scarcely 
be  considered  as  contributing  to  render  "a  chain  of  reasoning" 
"  rigid."  In  my  own  case,  I  reasoned  concerning  this  matter 
as  follows  J  : — "  Every  kind  of  radiation  possesses,  with  respect  to 
any  given  substance,  a  certain  heating  power,  which  depends 
(1)  on  the  amplitude  of  the  given  ray;  (2)  on  the  absorptive 
power  of  the  given  substance  for  the  given  ray  j  and  (3)  in  some 
unknown  manner  on  the  length  of  undulation  of  the  given  radia- 
tion.    Any  kind  of  radiation  may,  hence,  be  competent  to  raise 

*  Report  of  the  British  Association,  18(33,  p.  95.  f  Ibid.  p.  101. 

X  See  'Reader,'  September  26,  1863,  p.  349.  col.  2. 


Dr.  C.  K.  Akin  on  Raij- Transmutation.  557 

any  substance  whatever  to  any  required  temperature,  by  a  suit- 
able adjustment  of  the  element  of  amplitude  alone — provided  the 
substance  considered  be  not  absolutely  pervious  to,  or  an  abso- 
lute I'eflector  of,  the  given  radiation."  Now,  since  metals  do 
absorb  Herschellic  rays,  after  some  ])reliminary  considerations  it 
was  concluded  "  that  incandescence,  or  an  emission  of  Newtonic 
rays,  which,  as  proved,  might  be  engendered  even  by  Kitteric 
rays,  will  be  still  more  easy  to  pi'oduce  by  means  of  Herschellic 
rays,  to  which,  for  some  reason  or  other,  a  greater  heating  power 
is  universally  acknowledged  to  belong."  In  this  manner,  it  was 
shown  as  at  least  highly  probable  (and  no  induction  can  be  ab- 
solutely certain)  that  the  effect  which  in  the  case  of  lime-light  is 
produced  in  statu  nascenti  of  the  rays,  might  eventually  be 
produced  also  by  rays  incident  upon  lime  or  platinum  after  ema- 
nation from  a  source  placed  at  a  distance. 

4.  It  will  be  seen  from  the  above  quotations,  to  what  extent, 
and  in  what  sense.  Prof.  Tyndall's  "reasoning"  was  "dif- 
ferent" from  my  own.  But  I  will  venture  to  make  yet  one 
further  remark,  of  more  general  application.  The  British 
Association  is  one  of  the  foremost  scientific  bodies  in  the  United 
Kingdom;  and  it  is  well  known  that,  soon  after  its  annual 
meetings  are  over,  an  account  of  its  proceedings,  authentic  for 
the  most  part,  is  published  in  the  '  Athenseum '  newspaper. 
Clearly  it  is  the  duty  of  scientific  persons  to  consult  the 
*  Athenecum '  during  such  portion  of  the  year,  in  the  same  way 
as  it  is  their  duty  to  consult  the  Philosophical  Magazine  all  the 
year  round.  Now  in  No.  1872  of  the  '  Athenajum,'  p.  337, 
column  3  (Sept.  12,  1863),  the  following  was  published  :— 
"  The  author  conceived  that  the  action  of  carbon  and  lime  ren- 
dering the  strongest  heat  of  burning  hydrogen  luminous,  were 
instances  of  the  Herschclian  rays  being  raised  to  the  Newtonian  ; 
and  as  Prof.  Stokes  had  termed  the  other  influence  '  fluorescence,' 
Dr.  Akin  proposed  to  term  this  '  calcescence,'  from  the  power  of 
lime  to  turn  heat  into  powerful  illumination"*. 

These  sentences  are  taken  from  an  abstract  of  the  first  of  the 
two  papers  read  by  me  before  the  Mathematical  and  Physical 
Section  of  the  British  Association  at  Newcastle,  but  for  which 
I  am  not  responsible.  It  would  be  superfluous  to  point  out 
here  its  inaccuracies ;  but  the  explanation  of  lime-light  proposed 
by  me  is  but  too  transj)arent,  and  in  fact  twice  repeated,  in  the 
passage  I  have  quoted.  Now  I  will  allow,  for  argument's  sake, 
that  the  abstract  referred  to  had  escaped  Prof.  TyndalFs  notice. 
In  January  1864  an  article  appeared  in  the  '  Saturday  Review/ 

*  The  term  "  calceseence  "  was  actually  suggested  to  me  by  one  of  the 
Secretaries  of  the  Section  of  the  British  Association  before  which  the  paper 
referred  to  was  read  at  Newcastle. — C.  K.  A. 
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giving  the  outlines  of  a  discourse  delivered  by  me  at  Cambridge 
on  the  subject  of  "  Calcescence."  In  that  article  only  one  of 
the  three  experiments  suggested  by  me  was  mentioned ;  and  the 
explanation  of  lime-light,  also,  was  not  explicitly  referred  to ; 
but,  on  the  other  hand,  it  was  stated  that  the  matter  had  been 
more  fully  treated  in  papers  read  at  the  Meeting  of  the  British 
Association  at  Newcastle.  Surely  any  one,  like  Prof.  Tyndall, 
feeling  an  interest  in  the  subject,  after  reading  the  above- 
mentioned  article  (and  which  is  actually  adverted  to,  though 
not  distinctly,  in  the  passage  quoted  before  from  the  Philo- 
sophical Transactions),  ought  to  have  referred,  under  such  cir- 
cumstances, to  the  'Athenaeum^  for  1863,  to  see  whether 
there  were  to  be  found  in  it  further  particulars  concerning  this 
subject.  Perhaps,  the  '  Reader '  having  become  more  extensively 
known  by  that  time,  the  abstract  published  in  its  columns  on 
Sept.  26,  1863,  would  have  likewise  fallen  then  into  Professor 
Tyndall's  hands.  In  my  own  case,  and  regarding  the  matter 
now  in  hand,  I  searched  the  back-  volumes  of  every  sort  of 
accessible  periodicals,  and  other  works  which  might  possibly  bear 
on  it,  in  order  to  discover  whether  I  had  been  anticipated, 
perhaps  by  some  author  whose  writings  are  now  forgotten.  Such 
a  proceeding  (in  which  I  have  but  followed  the  example  of  Sir  H. 
Davy  and  other  philosophers  too  conscientious  and  rich  in  original 
ideas  of  their  own  to  wish  to  appropriate  those  of  others)  I 
believe  all  the  more  necessary,  as  it  frequently  occurs  that 
persons  read  about  things  which  they  afterwards  forget  having 
read  of,  and  then  fancy  to  be  the  original  products  of  their 
own  minds.  Thus  I  should  not  be  at  all  astonished  if  Prof.  Tyn- 
dall,  in  September  1863,  had  read  the  abstract  quoted  from  the 
'Athenaeum,'  but,  from  shortness  of  memory,  by  January  or  March 
1864  had  forgotten  all  about  it,  so  far  at  least  as  the  mere  fact 
of  reading  goes*.  A  search  for  precedents,  if  it  will  not  always 
revive  recollection,  would  at  least  pi'event  repetitions  in  such 
cases.  But  sufficient  stress,  I  venture  to  think,  cannot  be  laid 
on  the  necessity  that  scientific  persons  should  not  neglect  any 
means  which  they  have  at  command,in  order  to  become  acquainted 
with  the  current  progress,  not  less  than  with  the  past  advances,  in 
science.  It  may  be  allowable  for  poets  to  ignore  their  con- 
temporaries or  predecessors,  in  order  to  preserve  their  own  origi- 
nality of  thought,  whether  in  form  or  in  substance.  In  the  case 
of  discoverers,  the  public  is  interested  to  learn,  not  what  they 
would  be  capable  of  doing  if  nobody  else  were  or  had  been  in  the 

*  Upon  the  whole,  I  cannot  help  thinking  that  the  passage  quoted  above 
from  the  Philosophical  Transactions  reads  more  like  an  imperfect  rerai- 
niseeuce,  supplemented  by  conversation  and  discussion  (see  the  '  Reader,' 
no.  &] .  p.  461 ),  than  anything  else. 
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field,  but  what  they  are  capable  of  doing  that  is  new.  It  may  be 
difficult  to  decide  which  habit  is  of  more  importance — to  study  the 
literature  of  the  past,  or  to  attend  to  the  publications  of  the  pre- 
sent day.  Much  waste  of  thought  would  be  prevented  by  either ; 
but  the  latter  proceeding  has  the  additional  advantage  of  pre- 
venting the  necessity  of  such  explanations  as  those  preceding, 
extorted  by  the  natural  obligations  of  self-defence  and  the 
defence  of  right*. 

5.  Prof.  Tyndall  states  (Phil.  Mag.  S.  4.  vol.  xxviii.  p.  338):— 
"  The  rendering  of  metals  incandescent  by  obscure  rays  has  not 
yet  been  accomplished.  This  is  a  question  on  which  Dr.  Akin 
has  been  engaged  for  some  years,  and  it  is  not  my  intention  to 
publish  anything  relating  to  it  until  the  very  promising  arrange- 
ments which  he  has  devised  have  had  a  sufficient  trial"  f-  Regard- 
ing this  statement,  I  think  it  useful  to  publish  the  substance  of 
a  letter  lately  addressed  by  me  to  the  President  of  the  British 

*  Merely  as  an  illustration  of  what  has  been  stated  above  regarding  for- 
gctfulness,  I  shall  mention  the  following  instance. 

In  the  paper  commented  on  in  this  Note,  Prof.  Tyndall  says,  amongst 
other  things  (p,  332) : — "  In  solid  metals  augmented  temperature  intro- 
duces waves  of  shorter  periods  into  the  radiation.  It  may  be  asked, 
'  What  becomes  of  the  long  obscure  ])eriods  when  we  heighten  the  tem- 
perature ?  Are  they  broken  up  or  changed  into  shorter  ones,  or  do  they 
maintain  themselves  side  by  side  with  the  new  vibrations  ? '  The  question 
is  worth  an  experimental  answer."  Now  that  question  had  been  practically 
answered  by  Prof.  Draper,  as  long  ago  as  1847.  He  said  (Phil.  Mag.  S.  3. 
vol.  XXX.  p.  350 : — "  It  is  to  be  remarked  that,  whde  the  more  refrangible 
end  [of  the  spectrum]  undergoes  a  great  expansion,  the  other  extremity 
exhibits  a  corresponding  though  a  less  change  ....  arising  from  the  in- 
creased brilliancy  of  the  light  ...  [as  the  temperature  rises]."  No  doubt. 
Prof.  Tyndall  has  read  the  paper  from  which  these  latter  passages  are 
taken,  and  which  has  generally  been  considered  (and  more  especially  so  by 
Melloni)  as  of  great  importance.  But  Prof.  Tyndall  has  evidently  forgotten 
the  fact,  or  else  he  would  certainly  have  mentioned  it ;  and  yet  it  would  be 
impossible  for  him  to  assert  that  his  own  query  regarding  the  invisible  rays 
would  have  been  suggested  to  him  had  he  not  previously  read  the  above 
statement  concerning  the  visible  rays.  In  a  similar  manner,  it  would  not 
be  difficult  to  trace  back  what  Prof.  Tyndall  says  concerning  the  hght  and 
heat  of  a  candle  {I.  c.  p.  339)  to  what,  it  is  at  least  likely,  was  its  original 
source. 

t  I  must  be  allowed  to  express  here  a  doubt  whether  Sir  H.  Davy,  for 
instance,  or  any  other  predecessor  of  Prof.  Tyndall  at  the  Royal  Institu- 
tion, having  read  in  a  public  print  that  two  persons  were  engaged  in  making 
researches  upon  a  certain  subject  with  the  aid  and  sanction  of  the  British 
Association,  would  have  chosen  "  that  very  subject"  'for  attack"  some 
little  time  after.  Nor  do  I  believe  that  Davy  or  Young,  having  publicly 
pledged  themselves  not  to  "  publish "  anything  relating  to  the  subject 
till  a  certain  contingency,  would  have  meanwhile  proceeded  with  it  pri- 
vately ;  at  all  events  they  would  not,  as  soon  as  they  had  obtained  what 
might  turn  out  to  be  the  desired  result,  have  rushed  off  to  repeat  (and  thus, 
to  all  intents,  publish)  the  experiment  before  their  *'  colleague  " — the  sheets 
in  which  that  pledge  was  published  being  then  scarcely  dry,  and  the  con- 
tingency referred  to  as  yet  unaccomplished. 
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Association,  and  which  was  as  follows: — "Some  time  ago,  1 
received  a  letter  from  the  Assistant  General  Secretary  of  the 
British  Association,  in  which  my  attention  Avas  requested  to  a 
llesolntion,  which  was  adopted  by  the  General  Committee  at  the 
last  Meeting  of  the  Association,  and  to  the  eflfect,  '  That  Prof. 
Griffith  and  Dr.  Akin  be  requested  to  continue  their  Report 
on  the  Transmutation  of  Spectral  Rays.^  In  answer  to  this 
communication,  I  now  beg  leave  to  state  that,  after  the  expe- 
rience of  the  last  two  years,  and  more  especially  of  last  summer, 
I  feel  it  would  be  a  hopeless  undertaking  for  me  to  continue, 
at  Oxford,  the  experiments  begun  there.  Moreover,  I  am  not 
sure  whether,  after  the  end  of  the  present  year,  I  shall  be  able 
to  give  my  attention  any  longer  to  scientific  researches."  Thus, 
as  ifar  as  I  am  concerned,  the  trial  of  the  "arrangements  devised 
by"  me,  and  of  the  apparatus  constructed  for  the  experiments 
begun  at  Oxford,  is  at  an  end.  Such  being  the  case,  I  have  no 
doubt  that,  with  the  means  at  his  command  and  his  experimental 
proficiency,  Prof.  Tyndall  will  now  realize  and  "  ]mblish  "  a  dis- 
covery which  1  have  assigned  the  methods  for  accomplishing, 
and  which  I  should  have  probably  effected  myself,  1  may  say, 
years  ago,  had  I  been  seconded  as  I  had  hoped,  either  by  per- 
sons or  by  circumstances.  Astronomers  have  placed  the  merit 
of  the  mathematicians  who  first  conjectured  the  existence  of 
Neptune  above  that  of  the  practical  observers  who  actually  dis- 
covered that  planet.  In  my  own  case,  I  have  made  considerable 
sacrifices  of  time,  and  even  of  feeling,  in  order  to  prove  by  ex- 
periment what  I  had  deduced  originally  from  logical  reasonings. 
Being  now  practically  shut  out  from  pursuing  the  subject  any 
further,  I  shall  leave  it  for  physicists  to  decide  whatever  merit 
may  belong  to  the  originator  of  the  research,  as  compared  with 
the  merit  of  him,  whoever  it  may  be,  who,  more  fortunate,  shall 
bring  the  research  to  a  satisfactory  close*. 
London,  November  1864. 

*  Prof.  Tyndall's  experiments  on  rajs  transmitted  by  iodine  dissolvad  in 
bisul})bide  of  carl)on,  and  rejiorted  in  the  November  Number  of  tbe  Pbiioso- 
phical  Magazine,  although  they  maj'  ultimately  ])rove  to  be  eorreet,  are 
evidently  inconclusive  Avhen  made  in  tbe  manner  rejioited — that  is,  appa- 
rently, in  daylight.  I  have  also  observed  that,  in  looking  through  a  prism 
of  such  iodine  solution,  at  certain  thicknesses,  a  double  image  of  objects 
appears — the  one  violet,  the  other  red.  Now,  since  bisulphide  of  carbon  is 
about  equally  powerful  as  an  absorbent  both  of  Ritteric  or  chemical  and  of 
Herschellic  or  caloric  rays,  it  remains  to  be  proved  \^hether  the  Ritteric  rays 
do  not  cling,  as  it  were,  in  transmission  to  the  violet  rays,  in  a  similar 
manner  to  that  in  which  the  Herschellic  rays  adhere  to  the  red  rays — the 
penetrative  power  of  the  invisible  rays  exceeding  in  both  cases  that  of  the 
corresponding  visible  rays. 
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LXVII.  Notices  respecting  New  Books. 

The  Astronomical  Observer.  A  Handbook  to  the  Observatory  and  ilie 
common  Telescope.  By  W.  A.  Dar^y,  M. A.,  F.R. A. S.  London: 
R.  Hardwicke.     1 864. 

''PHIS  book  contains  in  alphabetical  order  the  constellations  visible 
-*-  to  an  observer  in  hit.  50'^  N.  Under  each  head  the  constellations 
are  first  briefly  described,  the  nebulas  within  its  limits  are  next  given, 
then  the  star-clusters,  and  lastly  the  double  stars.  The  right  ascen- 
sion and  declination  of  each  object  is  given  and  the  magnitudes  of 
its  components ;  directions  are  added  for  finding  it  Avith  a  common 
telescope.  In  many  cases  a  brief  description  of  the  object  is  included  : 
e.  g.,  in  the  constellation  Cygnus,  under  the  head  of  "  Double  Stars," 
"/S6.— 19h  25m  17s.,  N.27°40'42".  a  3,  topaz-yellow  ;  i  7,  sap- 
phire-blue ;  dist.  34"'4.  One  of  the  finest  of  the  double  stars,  tlie 
colours  in  brilliant  contrast ;  on  the  Swan's  bill,  in  the  base  of  the 
cross  of  Cygnus.  Pointed  at  by  a  line  from  Vega  carried  i°/.  y  Lyr£e, 
and  rather  less  than  as  far  again."  The  work  will  probably  be  useful 
to  the  persons  for  whom  it  is  designed — amateurs  who  do  not  possess 
an  equator] ally-mounted  telescope. 

Prefixed  to  the  book  is  an  Introduction  not  easy  to  describe.  We 
should  guess  that  Mr.  Darby  first  wrote  the  catalogue,  and  then  by 
way  of  introduction  jotted  down  without  order  or  method  anything 
bearing  on  the  subject  just  as  it  occurred  to  him.  Accordingly  some 
of  the  points  mentioned  are  very  pertinent,  e.  g.  the  description  of 
Sir  J.  Herschel's  mode  of  observhig  and  registering  double  stars,  the 
tables  of  test  objects,  &c.  Other  parts  are  quite  the  reverse.  The 
sketch  of  the  history  of  astronomy  is  meagre  and  inaccurate.  Mr. 
Darby  appears  to  believe  the  assertion  of  Josephus,  that  "  Abraham 
was  a  most  intense  observer  of  the  stars,  and  the  first  to  bring  astro- 
nomy from  Chaldea  into  Egypt."  Shortly  after,  he  informs  his  rea- 
ders that  "  to  Egypt,  the  oldest  of  nations,  belongs  the  honour  of 
producing  the  most  eminent  astronomers  of  ancient  times.  Pytha- 
goras, Euclid,  Archimedes,  Eratosthenes,  Ptolemy,  and  Hipparchus 
were  all  of  the  Alexandrian  school."  Now  this  is  really  too  bad. 
Mr.  Darby  had  no  occasion  to  go  into  the  history  of  his  subject ;  but 
as  he  chose  to  do  so  he  was  bound  to  be  accurate  in  his  statements. 
Surely  it  is  well  enough  known  that  the  Alexandrian  Greeks  were 
not  much  more  Egyptians  than  Englishmen  living  in  Calcutta  are 
Hindoos.  Many  of  the  most  consjjicuous  of  them  were  not  so  much 
as  born  in  Egypt ;  e.  g.,  Hipparchus  was  of  Nice  in  Bithynia.  Then 
what  are  we  to  say  to  Archimedes,  whose  name  and  fame  are  so  indis- 
solubly  bound  up  with  Syracuse  ?  or  to  Pythagoras,  of  whom  at  all 
events  we  know  this,  that  he  lived  some  few  hundred  years  before 
the  Alexandrian  school  was  founded  ? 
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LXVIII.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 

[Continued  from  p.  324.] 

November  9,  1864. — W.  J.  Hamilton,  Esq.,  President,  in  the  Chair. 

1.  "Notes  on  the  Geology  of  Jamaica;  with  Descriptions  of 
new  Species  of  Cretaceous,  Eocene,  and  Miocene  Corals."  Bv  P. 
Martin  Duncan,  M.B.,  Sec.  G.S.,  and  G.  P.  Wall,  Esq.,  F.G.S'. 

The  authors  first  referred  to  the  Miocene  age  of  the  Corals  that 
have  hitherto  been  described  from  the  West  Indies,  and  then  stated 
that  in  this  paper  conclusive  evidence  was  brought  forward,  for  the 
first  time,  of  tlie  existence  of  an  Eocene  formation  in  Jamaica. 
They  next  noticed  successively  the  lithological  characters  of  the 
different  members  of  the  Jamaican  fossiliferous  rocks,  and  then  de- 
scribed two  new  species  of  Corals  from  the  Lower  Cretaceous  beds, 
and  six  from  the  Miocene,  besides  giving  notices  of  additional 
known  forms  from  all  the  strata ;  and  the  conclusion  was  drawn, 
that  the  facies  of  these  Cretaceous  Corals  vvas  suggestive  of  a  close 
alliance  having  existed  between  this  fauna  and  that  of  Gosau  in  the 
Eastern  Alps.  The  question  of  the  existence  of  Lower  Cretaceous 
strata  in  other  West  Indian  islands  having  been  discussed,  attention 
was  drawn  to  the  character  of  the  Eocene  Corals,  as  being  con- 
firmatory of  Mr.  Barrett's  views  on  the  existence  of  that  formation 
in  the  island,  and  the  paper  was  concluded  by  some  additional  re- 
marks on  the  Miocene  beds,  and  their  probable  correlation  with 
those  of  Trinidad,  Antigua,  &c. 

2.  "  On  the  Correlation  of  the  Irish  Cretaceous  Strata."  By 
Ralph  Tate,  Esq.,  F.G.S. 

The  non-existence  in  Ireland  of  the  formations  between  the 
Lower  Lias  and  the  U])per  Greensand  having  been  stated,  Mr. 
Tate  first  showed  that  the  Cretaceous  formations  occurring  near 
Belfast  are  referable  to  the  so-called  Upper  Greensand  (Hibernian 
Greensand  of  the  author)  and  to  the  Upper  Chalk,  the  latter  con- 
sisting chiefly  of  a  "  White  Limestone  "  with  flints,  and  containing 
species  known  to  occur  in  the  Ui)per  Chalk  of  Norwich  and  Meudon, 
with  others  allied  to  Maestricht  forms.  The  basement-beds,  form- 
ing lithologically  a  passage  to  the  Hibernian  Greensand,  are  (I) 
chloritic  limestone  with  Sponge-remains  belonging  to  about  thirty 
species,  and  (2)  a  calcareo-chloritic  sandstone  with  three  species  of 
Echinoderms,  the  dominant  form  being  Ananchytes  gibba.  These 
l)assage-beds  are  only  locally  developed,  and  when  they  are  absent 
the  junction  of  the  Greensand  and  the  White  Limestone  is  very 
abrupt.  The  Hibernian  Greensand  was  considered  by  Mr.  Tate  to 
represent  the  Upper  Greensand,  the  Chalk-marl,  and  the  lower  part 
of  the  Lower  Chalk  of  England,  and  to  be  the  miniature  counter- 
part of  D'Orbigny's  Etage  Cenomanien.  It  nowhere  exceeds  55  feet 
in  thickness ;  but  it  nevertheless  contains  the  following  beds  : — 
(1)  Chloritic  sands  and  sandstones  of  Colin  Glen,  or  the  Zone  of 
Exogyra  columba ;  (2)  Chloritic  sandstones  of  Woodburn,  or  the 
Zone  of  Lioceramiis  Crispi  ? ;  (3)  Yellow-sandstones  and  Marls  with 
Chert,  or  the  Zone  of  Ostrea  carinata ;  and  (4)  Glauconitic  sands, 
or  the  Zone  of  Exogyra  conica. 
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VERIFICATION  OF  THE  LAW  OF  ELECTROLYSIS  WHEN  EXTERNAL 
WORK  IS  PERFORMED  BY  THE  GALVANIC  CURRENT.  BY  M.  J. 
L.  SORET. 

1  N  order  to  explain,  conformably  with  the  mechanical  theory  of 
-*■  heat,  the  production  by  an  electric  current  of  effects  external  to  the 
circuit  which  it  traverses,  such,  for  instance,  as  the  performance  of 
mechanical  work  or  the  generation  of  induced  currents,  recourse  has 
been  had  to  an  hypothesis  proposed  by  Helmholtz,  Scoresby  and  Joule, 
Clausius,  and  other  physicists.  According  to  this  hypothesis,  the 
law  of  electrolytic  action  is  regarded  as  still  holding  good  for  this 
special  case.  In  order  to  supplement  previous  investigations,  I  un- 
dertook the  verification  of  this  point  by  comparing  the  amount  of 
chemical  action  with  the  mean  intensities  of  currents,  usually  dis- 
continuous, by  which  external  work  was  performed. 

In  order  to  produce  powerful  external  effects,  I  have  employed  for 
the  most  part  a  Ruhmkorff' s  coil,  but  I  found  it  needful  in  most 
cases  to  substitute  a  contact-breaker  formed  of  a  toothed  wheel  and 
platinum  spring  for  the  ordinary  contact-breaker  of  this  apjjaratus. 
13y  this  means  I  obtained  a  much  more  rapid  succession  of  currents, 
and  at  the  same  time  greater  stability  in  the  needle  of  the  sine-com- 
pass by  which  the  mean  intensity  of  the  current  was  measured. 

After  a  great  number  of  experiments  performed  for  the  purpose  of 
assuring  myself  of  the  exactitude  of  the  method  I  was  employing,  I 
arrived  at  the  following  results,  which  confirm  the  law  of  electrolysis 
for  these  conditions. 

In  a  circuit  of  great  resistance,  containing  a  Daniell's  battery,  the 
sine-compass,  a  voltameter  charged  with  sulphate  of  copper,  and  the 
inducing  coil  of  the  lluhmkorff's  apj)aratus,  the  weight  of  copper 
deposited  in  the  voltameter  was  found  to  be  always  proportional  to 
the  mean  intensity  of  the  current,  whether  the  current  was  conti- 
nuous (that  is  to  say,  when  the  contact-breaker  of  the  Ruhmkorff's 
apparatus  was  excluded  from  the  circuit,  in  which  case  no  external 
action  took  place)  or  whether  it  was  discontinuous  (that  is  to  say, 
when  the  contact-breaker  was  put  in  action,  in  which  case  an  ex- 
ternal action  was  set  up,  though  this  was  certainly  of  small  import- 
ance relatively  to  the  total  work  performed  by  the  current). 

A  similar  result  was  obtained  with  a  circuit  of  small  resistance, 
consisting  only  of  the  Ruhmkorff's  apparatus,  the  compass,  and  a 
single  Daniell's  cell  in  which  a  plat?  of  platinum  was  substituted  for 
the  copper.  The  chemical  action  was  measured  by  the  quantity  of 
copper  deposited  upon  the  platinum  plate.  With  this  disposition  of 
the  apparatus,  the  proportion  of  external  work  when  the  contact- 
breaker  was  put  in  action  was  considerable. 

Under  the  same  conditions,  the  quantity  of  electro-positive  metal 
(cadmium)  which  is  dissolved  in  the  battery  is  also  proportional  to 
the  intensity  of  the  current.  This  determination  cannot  be  made 
with  as  much  accuracy  as  that  of  the  weight  of  copper  deposited,  but 
the  mean  result  of  the  experiments  agrees  with  the  law  of  electro- 
lysis.— Comptes  Rendus,  vol.  lix.  p.  485  (September  12,  1864). 
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